
voi. oxvni. 


8 /g_ 12/)0 1944 . 


acta IVIEDICA 

SCANDINAVICA 


REDACTOnES 

GOsfABECKm G.BEBamAJtR 

ABBERS imSTEBSOR C... . , 

Helsinglors 

P. SALTZMAN 

Helsingtovs 

J6N HJ- SiGVRdSSON C. SOA'A'E 

BeykinviU KSbenhavn 

:■ AjRFO' VESA 

\ Helsingfors 


EGGERT MOLLER 
KSbcnhavn 


H. A. SALVESEN 

Oslo 

NANNA SVARTZ 

Stockholm 

ERIK V^ARBVRG 

Kobenhavn 


J. G. G. BORST 

' Amsterdam 


w. A. Kvenee 

Leyden 

1. SNAPPER 

Amsterdam 


C. D. de Langen 

Utrecht 



EDITOR 

I Holmgren 

: Stockholm 

COLLABORANT: 

In DANIA: S. Bang, H. C. Gram, C. HoUen, Aage Th, Jacobsen, E. Menlongraebt, 
Aa. Nyfeldt, K. Schroeder, K. Secher. 

In FeNNIA; Erik Adlercreutz^liVoldemarBactaman, Bertel -vonBonsdotltjMons-Christian 
Ehrstrom, Erik Hisinger-JSgerskiold, Martin Savolin, Pauli Soisalo, J. liVahlherg, 
E. A. V. 'VViilebrand. 

In Holland! a: F. S. P. van Buchcm, J. Mulder. 

In IfOKVEGIA: Dial Bang, Gunnar Boe, R. Hatlehol, Pr, Harbitz, H. F. Host, Anton 
Jervell, G. H. Monrad-Krohn, K. Motzleldt, Olat Romcke. 

In SoeCIA : Erik Ask-Dpmark, Hilding Berglund, Stig Bjorkman, Leonard Brahme. 
Arthur Engel, Birger Enocksson, Claes Grill, A, Gullbring, Sisten Hesser, Arnold 
Josefson, G. Kahlmeter, Kj, O. at Klercker, Eskil Kjdin, Oscar Lindbom, Malte 
Ljangdahl, Baqria Malmros, Gustav Nylin, Martin Odin, Ernst Salilgren, Ernst 
B. Saldn, Elsa Segerdalil, Birger Strandell, J. Tillgren, Jan tValdenstrom, Erik 
Wassdn, A. Westergren, H. Qhnell. 


ACTA MEDICA S C A N D I K A V I C A’S FOrLAG. STOCKHOLM 




HKLSIKGT-ORS 191 J 
MERCATORS TRYCKEHl 



INDEX. 


Vol. GXVllI. 

I’iiK- 

D. Dnniclopoln (Bucnrcsl): Rechcrchcs sur Ic mdcmmmc .loTimmmRd, 
dc I’anaphylaxic ct dcs maladies specifiqucs (nialadic du sdrum, maladies 
itifedicuses). 2-emo Mdmoirc. Lc pUcnomenc dc I'acdlylchoHnogducsc el 
le phenomenc de decholinisalion lissulairc. Action d’une substance clran- ^ 

gerc inlroduilc dans 

D. Danidopoln (Bucavcst); RcrcUcrchcs sur lc mdcanismc dc rinmuimte. de 
I’anaphylaxic cl dcs maladies spdeitiques (nvaladic du senim, maladies in- 
fccticus'cs). 3-cmc Memoirc. Preuves cl arguments cn faveiir dc noire 

bvpoUvcsc 

Knud Uindbaek (Copenhagen): The type of respiration in severe hypo- 

giycemia 

S(cii Eckcrslrom (Gothembourg, Suede): Rcclierchcs sur lc ferdu sdrum chez 
les viciiiards, spdciakmcnl par rapporl aux ulcercs chroniques dcs jambes ' Rtl 
Tore Broman (Stockholm): Supravital analysis of disorders in llic cerebral 

vascular permcabilily in man "0 

A. Lcoin Ab’clscn (Copenhagen); On scrum copper, 1. Introduction 8‘1 

A. Lcoin Nielsen (Copenhagen): On scrum copper 111. Kormnl values . . 87 

A. Lcoin Nielsen (Copenhagen); On scrum copper IV. Pregnancy and 

parlurilion 't 02 

HiUling Bergstrand (Stockholm): (jber die Kicrcnvcramlcningcn be! Hid- 

licher Sulfalhiazolschiidigung PT 

Gosta Ekehorn (Slockliolm): Inulin .as a subslilutc for creatinine in renal 

tests 1]-1 

A. H. I’, liaocsteijn (Utrecht, Molland): Metabolism of copper in man 1G3 

K. A. Ekbom (Slockliolm): Asthenia cruruni paraesllielica (»irrilal)Ic legs*) 197 
Torslcn Lindquist (Gothenburg, Sweden): Nitrous gas poisoning among wel- 
ders using acetylene flame • 2J() 

Jean Leqtiimc et Jean van Jlcerswijngliels (Brn.vellcs): NouvcUc classifica- 
tion des cardiopathies congenilalcs 2.].} 

Karen Mark Hansen (Copenhagen): Studies on the influence of magnetism 
on the oxygen absorption in man.'. 

E. F, J. IL Falger (Zaand.am, Pays Has); Dc la meningoHmcVp’bMitc posV- 

rubeoliQue 

I *' 282 

J. Engclbrcib-Holm, G. 7 ei/um and iirno.C/ir;s/e/iscrt(CopcnIiagcu): Eosinophil 

granuloma of bone — ScIiOllcr-Christian’s disease .,no 

Ahscl Sltgaard (Diauaiund, Denmark): Electrocardiographic, observations 
during inlravenous injection of acetyl clioline 



Per Hedliind (Stockholm); The production of the acute phase protein after 

nonspecific stimulation 

Ernst Bdrdntj (Upsala, Sweden): On the acoustic theory of percussion. . . . ! i 345 
Karl J. Helmer (Boras, Sweden): Accumulated cases of chronic benzene poi- 
soning in the rubber industry 

J. Bok (Rotterdam, The Netherlands): Rapidly recurrent gastric hemorrhage 376 
Hakon Rasmussen (Oslo): The electrocardiogram in aortic insufficiency, with 
special regard to the development of the left bundle branch block electro- 
cardiogram 

Guido Totterman (Helsingfors); Anemia hyperchromica diphyllobothrica . . 402 
Guido Totterman (Helsingfors): On the occurrence of pernicious tape-worm 

anemia in diphyllobothrium carriers 44 q 

Guido Totterman (Helsingfors): Experiments with injections of stomach e.x- 

tracts in pernicious anemia 447 

Guido Totterman (Helsingfors); Furthermore on the question of the pathogene- 
sis of pernicious tape-worm anemia 422 

A. Levin Nielsen (Copenhagen); Serum copper. V. Thyrotoxicosis and myx- 

oedema 43j 

Mogens Faber (Copenhagen); Primary and secondary xanthomathosis 436 

Mogens Faber (Copenhagen); Tlie frequency of reduced lacrymal secretion in 

xerostomia. Studies in xerostomia. V 452 

Mogens Faber (Copenhagen); Protein and amylase in the saliva from normal 
individuals and from patients with xerostomia. Studies in xerostomia. VI 457 
Ebbe Nyman (Stockholm): Mclhylscopolamine nitrate, a new vegetative anti- 
spasmodic, and a review of the investigations on the effect of the atro- 
pine group on nonstriated gastro-intcstinal muscle 466 

Svend Heinild (Copenhagen); On familiar coirstitutional fibrinopenia 479 

Erik D. Bartels and Niels Riskner (Copenhagen): The bacteriology of erysi- 
pelas in clinical light '189 

Vagn Morlensen, A. Levin Nielsen and P. Esbildsen (Copenhagen): Wolff, , 

Parldnson and White’s syndrome 506 

A. J. Clu Haex (Leyden, The Netherlands); A simple method for the deter- 
mination of the amount of liver glycogen in vivo 531 

llmari Vartiainen (Helsingfors); Studien fiber den Diabetes mellitus in Finn- 
land. I. Die makroskopischen Organverandcrungen der Diabetiker in 

Lichte des Obduktionsmaterials 538 

llmari Vartiainen (Helsingfors): Studien fiber den Diabetes mellitus in F inn- 
land. II. Diabetisches Koma, infektionen and Arteriosklerosc im Lichte 

des Obduktionsmaterials 575 

Volumes supplementaires des Acta medica scandinavica publics 1921 — 1944 590 

Revue des livres; 

Sixten Kallner: Esben Kirk: Klinik nnd Behandlung dcr Azidose mit iso- 
tonischer Nalriumbikarbonatlosung '258 



Acta Medica Scandinavica. Vol. CXVIH, fasc, I IH, 1944. 


Recherches sur le mecanisme de I’immunite, de 
I’anaphyiaxie et des maladies specifiques (maladie 
du serum, maladies infeclieoses). 

Phylaxic, paraphyfaxic el choc paiaphyhcUqiw aCfUjWioUniquc. 

2 -^me M(5moire. 

Le pWnom^ne de l’ac4{ylcholmog6nese et le phdnomdne de 
decholinisation tissulaire. Action d’une substance (Strangle 
introduite dans I’organtsme. 

Action acciylcholinergiquc des antigcncs cldc Vacidcp^jnwn-benTOiquc. 

Par 
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(Cc travail cst parvenu & la rddaclton Ic 3 I'dvTlcr lH'l'l.) 
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mal. Le tonus des organcs vdgclalifs csl modifie. Lcur rt^.activil6 
est aussi anormale, comme Ic prouvcnl la reaction a rndrenalinc, a 
r^serine, k Talropine, un rdflexe vegetalif, etc. Nous prouvons 
aussi quo le choc anapliylactiquc (que nous appelons choc pnra- 
phylaciique aceiykhoUniquc) est composd dc plidnoini^nes vdgd- 
tatifs: I’inhibilion cardiaque, I’liypotension cirdtntdccollnpsus, la 
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J — Ada mcd. scandinao. Vol. CXVIII. 
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O. DANIELOPOLU 


I’excitabilite des nerfs vfigetatifs pendant le choc anaphylactique. 
Certaines modifications du sang ressemblent k celles que nous 
trouvons dans certains etats vdgetatifs anormaux. On s’est servi 
aussi des dpreuves vdgdtatives, qui par le fait que les auteurs ne 
connaissaient pas d’une maniere exacte Taction des substances ^ 
action vegetative qu’on employait, ont conduit forcement a des 
resultats tout k fait contradictoires. 11 y eut alors des auteurs qui 
ont affirme que le choc anaphylactique et Tanaphylaxie n’ont rien 
a faire avec la vie vegetative. Et cela malgre que les phenomenes 
principaux etaient d’ordre vegetatif. C’est que la physiologie du 
systeme vegetatif etait ignoree. Nous avons commence nos recher- 
ches sur Tanaphylaxie en 1908, a une epoque oh la physiologie 
de ce systeme n’etait nullement precisee. Nous n’avons rien com- 
pris alors en examinant les r6sultats de nos recherches, Et ce 
n’est qu’apres 20 annees de recherches sur le systeme vegetatif, 
et specialement sur les mediateurs chimiques, apres avoir intro- 
d'uit dans la pratique d’autres dpreuves vegetatives et apres avoir 
etabli les trois lois fondamentales qui regissent la physiologie de 
ce systeme, que nous avons pu en reprenant nos recherches sur 
Timmunite, commence k comprendre le mecanisme des phenome- 
nes. Ce n'est qu'en 1931 ^ que nous avons pu nous rendre compte 
que le choc dit anaphylactique est un choc acetylcholinique. 

Les auteurs qui ont etudie le systeme vegetatif dans Tanaphy- 
laxie sont partis tous de Tidee, tres erronee, que tout doit se pro- 
duire par Tintermediaire de ce systeme. Dans la conception classi- 
que la sympathine et Tacetylcholine ne pouvaient etre produites 
que par le sympathique ou le parasympathique et personne ne pou- 
vait expliquer le mecanisme du choc anaphylactique produit sur 
Torgane isoie, sdpard de ses nerfs. Ei c'esi It fait eiabli pour la pre- 
mikre fois par nous, que les mediateurs chimiques peuvent Hre libe- 
res dans la cellule de I’organe terminal par des facteurs etrangers qui 
agissent en dehors de louie action nerveuse et specialement Vaction 
aeetgleholinergique des antigenes, qui nous a permis de formuler une 
nouvelle conception sur la production des anticorps, sur I’immuniie 
ei sur les phenomenes produits d c6te de Vimmuniie, qu’on a appele 
anaphylaxie et que nous appelons paraphylaxie. 


1 D. Danielopolu: Arch. mdd. chir. dc I'apparcil rospiratoirc. Masson 1933 
— Congrfes de I’asthme du Mont-Dorc, 1932 
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B. BANIELOPOLU 


la cellule chromaffine) dans tous les organes terminaux ct ie 
tomplexe adrenalinique (CA) ou pTeadrenalim. 

L’AE est radrenaline que nous connaissons, excitatrice oil 
inbibitrice. Lc CA entretient la r6activit6 des organes' et sert de 



Fig. 1. — La cellule chromaltinc (Clir) sdcr&le I’adrdnaline. elliciente (AE) 
iaquelie se transforme, ddjii dans lc sang vcinou's, en compicxc adrdnaffnigue 
(CA) ou priadrinaline, dont la cellule chromaffine lire I'AE et lc sympathiquc 
tire la sympalhine ejlicicnie (SyE), 

L'organe terminal conticnt deux prdsubslanccs le compkxc adrdnalinigue (CA) 
ou prdadrdnaline et le complexe acdlylcholiniqiic (CaCli) ou prdclwUne. Du CA 
le sympathique tire la SyE ct dn CaCh lc parasytnpathiquc tire I’acdtylchoUne 

efficienie (ACliE). 

La SyE se retransformc cn CA ct I'AchE on CACh. 

AE -»■ CA -► AE 
SyE -*■ CA -*■ SyE 
AChE CACh -»■ AChE 


pr^substance pour la formation de I’AE au niveau de la surr6- 
nale et de la SyE dans les organes terminaux. 

U AE et la SyE ne se trouvent, par consequent, gu’aii siege dc 
leur production, alors que le CA se troiioe tout dans le protoplasmc 
cellulaire que dans les hiimeurs. 
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I ’AE des qu’elle est d6vers<§c dans la vcinc cave infdrieure, se 
transforme en CA, et c’est sous cctte forme qu’elle arrive & I’orgatie 

terminal. 


La SyE des qu’elle agit sc rclransformc sur place en CA. 
Ainsi done: 

AE CA -*■ AE 
SyE CA -> SyE 


Selon notre conception, il n’y a pas par consequent, d'adrcnalinc- 
mic. H y a ce quo nous avons appcle prcndrenalincmic. L’AE cl la 
SyE ont une action trop fugacc pour quo sous le rylhmc normal 
de leur production, dies se trouvent dans Ic sang sous la forme 
efficiente. Ce n’est que dans Ics ctats anormaux quo I’adrenalinc, 
formee en exces peut passer dans Ic sang ct arriver jusqu’aux 
organes lerminaux, produire une adrcnalimmic active. Mais ces 
etats sont tout ft fait transitoircs. 

Quant a I’acfttylcholinc, void son cycle d’dvolution dans Torga- 
nisme, dtabli par nos reclicrchcs. L’acctylcholinc efficiente (AChE) 
elahoree dans la cellule sc transforme rapidement sur place en 
CACl). L’ACliE est elaborce ft partir du CACh ct sc rclransformc en 
CACh. 

CACii ACliE CACh 


■ II n’y a pas d'acctylcholincmie. II y a ce quo nmis avons appclc 
precholinmic. Lc song nc contient pas d'AE on d'ACliE qni aicnl 
me action excilalrice on inhibiiricc snr ks organes ierminanx. It 
enirciicni scniement la reaciwife des organes cl lair fournit ks pre- 
substanecs neccssaircs (CA ct CACh) a la {ormation de la SiiE ct dc 
I’AChE. 

Tout comme pour I’adrejialinc et la sympathine, ce n’est qu’en 
cas de surproduction d'ACliE, que cctte substance, n’ayant pas le 
temps dc sc transformer en CACli, passe dans lc sang sous la forme 
dAChE. Ce n’est, en d'autres mots, qu’anormalcmcnt que nous, 
rencontrons V acclgkholincmic. 

Get etat est transitoirc, tout comme I’ctat adrdnalinemique. 
L acctylcholindmie tres intense pout dtre mortelle. 
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D. DANIELOFOLU 


B. Le phenomcne dc racclykhoUnogencsc cl Ic phenomene de decho- 
linisation lissulairc, Faclcurs acclylcholincrgiques. 

Nous appclons acclylcholinogcnesc le phenomene d’eliberation 
d’acetylcholine efficicnte (AChE) a parlir du complexc acelyl- 
cholinique (CACh). 

Nous appelons faclcurs .acclylcholincrgiques les facteurs qui 
liberent de I’ACliE a partir du CACli. Les facteurs acetjdcholincr- 
giques nerveux sont: le parasympathique el le neurone moteur 
periplierique dans I’organe terminal. 11 s’elibere de mfime de 
I’acetylcholine au niveau des synapses. Nous avons demontre 
qu'anormalcmcnl de differents facteurs agissentsur la cellule et sans 
le concours de I’influx nerveux peuvent liberer de la sympathine 
et de I’acetylcholine. Tous ces facteurs sont aussi acclylcholinergi- 
ques et sympalhincrgiqucs. L’acctylcholine represente dans notre 
conception le facteur vital dc premiere importance qui preside 
aux fonctions ccllulaires, la sympathine etanl produilc pour limiter 
par son action antagoniste Taction dc TAchE. 

Dans Torgane terminal, Tinflux parasympathique dans Torganc 
vegetatif, Tinflux du neurone moteur peripherique et Tinflux 
parasympathique dans le muscle volontaire, liberent de TAChE a 
parlir du CACh: e’est le phenomene d’ acclylcholinogcnesc. 

L’AChE etarit lib^r^e & partir du CACh, la concentration de 
ce dernier dans le protoplasme diminuc. 

j\Iais TACiiE, des qu’cllc agit, se retransforme en CACh et 
retablit la concentration protoplasmique on cette substance. Cela 
conceine le protoplasme ccllulaire dans Torgane terminal ou organe 
d’cxecution (muscle strie ou lissc, glandc, etc). 

Dans la cellule nerveuse, qui envoie Tinflux nerveux h Torgane 
terminal, se produit-il un phenomene analogue? Nous savons 
seulement que tout neurone elabore au bout de son axone dc TAChE. 
Tous les neurones, somatiques et vcgelatifs, elaborent de TAQiE, a 
Texceplion du neurone post-ganglionnaire sympathique qui ela- 
bore de la SyE, Nous ne savons pas si clle cst preformee dans la 
cellule nerveuse ou si Tinflux nerveux 6mis par Taxone tire au 
niveau dc sjmapse, h parlir du CACh qui sc trouve dans les humours, 
TACiiE. Nous inclinons beaucoup vers cette seconde hypothesc. 

Quant aux humeurs nous admetlons qu’ellcs contiennent le 
CACh. 
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La quantity d’ACliE libSrde ddpend de I’intensile dc I’mfhix 

-etde la concentration enCAChdestissus. . 

Les 6tats decrits par nous sous Ic nom d' ampholonic ct d lujpoani- 
photonic sont reprcscntes, Ic premier par une hypcrconcciitralion, 
le second par une hypoconcentration <les iissus et dcs liuincurs cn 
CACH ct en CA. Dans I’ampholonic le mfime influx nerveux P 
iibere plus d’ACliE et le mfime influx nerveux S lib (ire plus dc 

SyE qu’i I’citat normal. ' 

Dans I’hypoampbotonie la libdration dos deux niddiateur-s 

chimiques cst diminu(ie. 

Dans CCS deux formes dc modifications du tonus vdgtitalif, 
I’hyper- ou I’hjqmproduction dc SyE ct d'ACIiE n cst jias due 
seulcment h I'liyper- ou a rhypoconcenlration on CA cl on 
CACh, mais aussi h un tonus plus (ilcv<i du S ct du P. Par le pluino- 
menc dderit par nous sous !c nom de niccanisme drcnlairc ampho- 
iropc une hyper- ou une hypoactivilc d’un organc augmcnlc 
ou diminuc, d’unc manicrc r<iflcxc le tonus dcs centres vcigtitatifs 
S ct P, cc qui augmcnlc ou diminuc riiitcnsil<i de I’influx S ct P. 

Ainsi done, dans rampholonic VacctykhoUnogcnvsc cst aug- 
mentec, ct dans rhypocmpholonio, cllc cst diminuee, Gomme il y 
a cn memo temps hyper- ou hyposympaihinogendse It’quilibrc sc 
mainlicnt, Mais souvent un pluinomcnc predominc de bcaucoup 
sur I’autre, 


Unc excitation du parasympathique (excitation du vague) ou 
une excitation reflexe a prddominance parasympailiiquc (excita- 
tion du-bout central du ddprcsscur ou du sinus carol idion) dticlcnchc 
surtout unc liyperacctylcholinogdncse. 

De mdme, une excitation du syinpalbiquo ou uno oxeilation 
ref]c,xe a predominance sympathique dcclonchc surtout unc hvpcr- 
syrapathinogenesc. 


II est admis que VAQiE el la SyE nc pcuvcnl Otre lilnird's que 
par 1 influx nerveux. Nous av'ons ddmontre que cette conception 
cst errondc. De diffdrents factcurs physiques, chimiques, etc. qui 
agisscnt sur I’organe terminal sont capablcs de ddclcnchcr la pro- 
duction d’AChE el de SyE. 11 y a toujours pr(idominanco d*«n 
nuidiatcur sur I’autrc. 

L’esdnne, la pilocarpine, la muscarine, cn dehors d’autres 
ac ions, libdrent, scion nous, la SyE du CA ct TAOiE du CAQi 
mais surtout I’AChE. La digitalc cl la strophanlinc liluironl dii 
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s’ensuit une decholinisation tissulaire et-une hypavagotonie, qui 
explique d’ailleurs la tachycardie febrile. 

D’autres facteurs acetylcholinergiques lorsqu’ils agissent d’une 
maniere intense, appauvrissent les. tissus en precholine et pen- 
dant un certain temps, meme plusieurs jours, la concentration en 
precholine diminue. 

L’experience suivante le prouve. La dose de 2 cm^ d’une sus- 
pension de gelose injectee dans la. veine provoque chez le cobaye 
neuf de 300 g un choc acetylcholinique mortel. Mais si nous injec- 
tons la dose de % — ■! cm^ de gelose et le lendemain la dose de 2 cm^, 
cette dose n’est plus mortelle. Le phenomene s ’explique par la 
decholinisation tissulaire qu’a provoque la premiere inj'ection. Les 
tissus se sont appauvris en precholine et la deuxieme injection a 
libere moins d’acetylcholine. Nous avons demontre que ce qu’on a 
appele anti-anaphylaxie n’est en grande partie due qu’a un pheno- 
mtee de decholinisation tissulaire. 


C. Nouvelle conception sur Vaclion des substances etrangeres intro- 
duUes dans Vorganisme. 

Chaque substance etrangere possdde son action propre et agit 
differemment sur I’organe terminal. Mais il existe un groupe de 
substances etrangeres dont Taction ressemble d’une maniere 
frappante h Taction des mediateurs chimiques, tout en etant tout 
a fait differente au point de vue de leur constitution chimique. 
C’est que ces substances agissent par Tintermediaire des mediateurs 
chimiques. Ces, substances, du moins d’apres ce que nous ont 
montre nos recherches, semblent etre tres nombreuses. Si pour 
certaines d’entre elles, on a vaguement reconnu Tintervention des 
mediateurs chimiques, les effets de beaucoup d’autres sont con- 
sideres comme des effets directs, sans aucune intervention des 
mediateurs. 

Les effets de la muscarine ressemblent beaucoup a ceux de Tace- 
tylcholine; les effets de la digitale ressemblent, en ce qui con- 
cerne Texcitabilite, la tonicite, et la contractilite k ceux de la 
sympathine et en ce qui concerne Tautomaticite et la conductibilitd 
a ceux de Tacetylcholine; T6ph6drine a ime action analogue h celle 
de Tadrenaline; de differentes substances irritantes dutissu conj'onc- 
tif cutane ont une action semblable a celle de Thistamine; Tinj'ec- 
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s’ensuit une decholinisation tissulairc et-une liypovagotome, qui 
explique d’ailleurs la tachycardie febrile. 

D’autres factcurs ac^tyJchoIinergiques lorsqu’ils agissent dune 
maniere intense, appauvTissent les. tissus en precholine ct pen- 
dant un certain temps, m6me plusieurs jours, Ja concentration en 
precholine diminue. 

L’experience suivante le prouve. La dose do 2 cm^ d une sus- 
pension de gelose injectec dans la vcinc provoquc chez le cobaye 
neuf de 300 g im choc acetylcholiniqiie niortcl. ^fais si nous inj’cc- 
tons la dose de cm^ de gelose et le lendcmain la dose de 2 cm^, 
cette dose n’est plus morlcllc. Le pluinomcnc s’cxpliquc par la 
decholinisation tissulairc qu’a provoque la premiere inj'cclion. Los 
tissus se sent appauvris cn prccholine et la dcuxicmc injection a 
libere moins d’acetjdcholine. Nous avons demontre quo cc qu’on a 
appel6 anti-anaphylaxie n’est cn grande partie due qu’a im phdno- 
mene de ddcholinisation tissulairc. 


C. Nouvellc conception sur V action des substances ctrangircs intro 
duites dans Vorganisme. 


Chaque substance ctrangcre possedc son action propre ct agit 
differemment sur I’organe terminal. Mais il cxistc un groupe de 
substances elrangcrcs dont Taction rcssemblc d’unc maniere 
frappante k Taction des mediateurs chimiques, tout cn dtant tout 
a fait differente au point de vuc de Icur constitution chimique. 
C’est que ccs substances agissent par Tintcnnddiairc des mddiatcurs 
clu'miques. Ccs substances, du moins d’apres cc quo nous ont 
montre nos rccherchcs, semblcnt dire tres nombrcuscs. Si pour 
certaines d’entre dies, on a vaguement rcconnu Tinter%'ention des 
mediateurs chimiques, les effets de beaucoup d’autres sent con- 
sideres comme des cffcls directs, sans aucunc intervention des 


mediateurs. 

Les effets de la muscarine rcsscmblent beaucoup 5 ceux de Tace- 
tylcholinc; les effets de la digilalc ressemblenl, en cc qui con- 
cerne Texcitabilitd, la tonicitd, ct la contraclilitd h ceux de la 
sympathme et en ce qui concerncTautomaticild etla conductibilitd 
a ceux de Tacdtylcholine; Tdphddrine a une action analogue, i cellc 

de 1 adrdnalinc; de differentcs substances irrilantcs du li.ssu conjonc- 

if cutand ont une action semblable a celle de Thistaminc; Tinjee 





pig^ g — Action acdttjlcholincrgUiiie d'tiite suspension d'ngar-ngar dans I ran 
physialogigue sue ie coettr isold de grcnouille. Acfi'on cn)/>ffc/innfc de / gir o p i ne. 
N’ous iivoiis prdpard la suspension d'agar-n{'ar ft clnnul dans I'cnu physiologiqiic 
ft 1/400. Aprfts refroidissement nons dilnons ft 1/1000. La perfusion du coetir 
de grenouilie nvee cello suspension ft 1(1000 produit im cffcl seniblablc ft cclul 
dc I’acelylcholinc. N’oxis ajoulons de I’nlropine an llquidc de perfusion: I’nrtlon 

inbibilrice disp.nmil. 

tion inlravcincu.se il’iin serum stranger produit dcs effets scni- 
blablcs a ceux provoques par I’acelylcbolinc; rinjcclioti de scrum 
de cheval produit des effets acelylcholiniques. I! cn c.st de inGnic 
de plusicurs autres antigcncs (c.xlraits bacteriens, etc), 

Bordet a soutenu qu’unc suspension de gelose injectGe dans 
la veine libere I’anapliylaloxine ct provocpie un choc anaphylacli- 
que. Nous avons demonlrc qu’en rcalitc la gelose libere de I’ace- 
tylcboline, phGnomcnc qui n’a ricn a faire avec I’anaplivlaxic (fig. 
2 , 3 , 4 ). 

Les trailes classiques affirnient que le.s medicaments agissenl 
direclcment sur I’organe terminal ou sur le.s nerfs: la muscariuc 
agirait sur Ics Icrminaisons parasympathiques, I’adrenalinc sur 
les terminaisons sympathiques, la digtlale sur Ics fibres myocar- 
diques et les terminaisons ner\''cuses, nn .serum ctranger aurait unc 
action dircclc sur la cellule, etc. En rcalite Us agis.scnt sur la cellule 
de I’organe terminal. 
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Fig. i. — Choc acihjlclioliniqiie morlel provniiiii! par fine injection inlra-i>einciist d'tignr-agar siir la pres.iion siiwjiiinc. 

Chat 2100 ff. AiieslhcNic an Dial, [.’injection iiitra-veiiu-usc ilo 1 cm’ d’unc suspension d’af'ar-at'ar dans I'ean physiolodique 
(preparuc. i eliand scion la forniule de liortlcl) en dilution dc I/lOO provocpie un choc acelylcliolinique mortc). 
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peut-on s’imaginer qu’une substance qui agit sur la cellule 
terniinale (laquelle contient dans son'protoplasmc Ics presubstances 
dont normalement les nerfs vegetatifs lirent les niediatcurs chimi- 
ques) nc trouble en rieii la formation do ccs mediateurs? Et lots 

qu’on constate que certaines substances produisent dcs effets 
ressemblant a ceux des mediateurs cliimiqucs, ne sommes-nous auy 
toris6s a supposer -qu’elles agissent par ces mediateurs? II nous 
semble que dans Taction des substances' etrangeres, nous devons 
etudier les relations qui pourraient existcr entre les effets produils, 
les mediateurs chimiques, les ions ct tous les autres faclcurs qui 
interviennenl dans le fonclionncment notifial des organes. 

Nous ne nous occuperons ici que des substances etrangdres 
dont Taction semble s’exerccr par les mediateurs chimiques. 

II cst dassiiqm d'admeltrc que Ics mcdialears chimiques (accitjl- 
choline et sympalhinc) nc pciwcni 6(rc liberes que par V influx nerveux. 
Cesi Id unc grande crmir. Nosrcchcrchcs oni dcmbnlrc que Ics media- 
ienrs chimiques pcuvcnl Sire libercs par dcs substances etrangeres, 
independemment de tonic intervention de Vinflux nerveux. 

Toute unc serie dc substances etrangeres introduites dan.s Tor- 
ganisme ont deux actions; unc action specifique cl unc action non 
specifique. 

L’action non speeijique pout s’cxcrccr de plusicurs maniercs: 

a) Liberation dc mediateurs chimiques (esdrine, pilocarpine, 
petites doses d’alropine, digilalc, slro))bantinc, etc), 

b) Action sur le cycle d’evolulion des mediateurs cliimiqucs. 
L eserinc cmpfiche 1 inactivation dc TAChE qui s’accumulc dans 
les lissus. 

c) Action empfichante sur Teffet dc la SyE (action sympatho- 

frenatrice: crgolamin 883 F, 933 F) ou dc TAChE (action para- 
sympathofrenatrice d’une dose ntoj'cnnc d’atropine, ou sur Teffet 
des deux (action amphofrenalrice; grandcs doses d’alropine de 
883 F, de 933 etc), ’ 


L action est tonjours double (ampJionnmdlique’oli amphofrdna- 
trice), mais prMominc plus dans uh sens ou dans ratiirc^ 

I’crgLc'""'’''' WionncI de 

VMlion jpeciliqm esl diMrcnie suivant la sulislancc 

ZmTcdi?- ‘“'I 4 "xxlifior lo proto- 

pasme collulaire ponvant provoquw des alWrations irrdvcrsiblcs 
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Centre cette action la cellule reagit par une riposte, que nous appe- 
lons riposte cellulairc defensive. II s’agit de la production de fer- 
ments, d’anticorps ou d’autres moyens- de defense qui tendent a 
d&arrasser I’organisme de la substance etrangere introduite. 

Parmi les substances etrangeres qui. liberent de I’AChE nous 
citons les antigenes. Comme nous I’avons dit dans le 1-er memoire, 
les antigenes ont une action non specifique (action acetylcholi- 
nergique) et une action specifique. - . : 


D. Action aceiylcholinergiquc des antigenes. 

Dans nos recherches experimentales faites sur les vaisseaux du 
chat et du chien, ainsi que sur le coeur isole de grenouille, nous avons 
demontre que les antigenes liberent de I’acetylcholine. Nous I’avons 
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exp/es Q-lVopine 


Fig. 5, — Chien. Aclion acetijlchoUnique du sdrum de cheval injeM dans Varlire 
sur les vaisseaux dc la palte du chien. 

Technique. Nous inscrivons. dans, Ic bout periphdrique de I’artere fdmorale 
(sectionnee) la pression recurrenle. Nous placoiis ufie canulc dans le bout 
central de I’artere femoralc pourvue d’un tube de caoutchouc ferme a I’aide 
d’une pince & son bout. A Iravcrs le lube de caoutchouc nous injections le sdrum 
de cheval. La substance inject de passe & travers les anastomoses qui relient 
le bout central avec le bout periphdrique de Tarldre fdmor.ale dans les vais- 
seaux de la patte sur lesquelles elle agit. Toute vasoconstriction fait montcr la 
pression rdcurrentc et toute vasodilatation la fait baissef. 

Le serum de cheval produit une vasodilatation (par libdration d’acdtylcholine) 
qui ne se produit plus apres I'atropine. 


ServLm. 

C^ftlAToZ. 
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Figf. 8, — Le s<5rum de clicval injcclc dans la vcine clicz le chat Jil)drc dc 
rac^tylcholine qui provoqiic unc hypotension. I.’hypotcnsion jic se prodiiit 
plus si nous injcclons prdnlablonient <Ie I'alropinc qui cmpCchc I'nction dc 

I’.ncc'yicholino. 
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Pig. 7. La tubcrculinc iiberc de racetykholinc cl produil line vasodilat.a- 
tion. Son action esl cmpCchde par ratropine (rcdicrcbcs sur Ics vaisseaux de 
la paltc du chien. — technique indiqude dans ia Icgcndo de la fig. 5). 
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Obv'e^. 
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Fig. S. — Une emulsion dc bacillcs typliiqucs (culture sur gdlose) non debar- 
rassds par Ic lavage I’cau physiologique dc scs produits' solubles libfere dc 
I’acdtylcliplinc et provoque .une vasodilatation, phdnomfene qui ne so produit 

plus aprfes ratropine. • 


f I I I I f f t 

Stapt. 


i n n I f f f f 



dvatit 


a.trOpLn.e 


apv'es CLtyopine 


Fig. 9. — fimulsion d’une culture sur gelosc de staphylocoqucs.lavds h I’eau 
physiologique et maintenus pendant quclques heurcs dans I’cau distillde h 
37®. Nous ajoutons ensuite la quantity dc NaCl ndeessaire pour rendre le li^idc 
isbtonique. Cette dmulsion injeetde dans I'artbre fdmorale (teclini^e indiqude 
dans la Idgende de la fig. 5 provoque une vasodilatation (action acdtyldioliner- 
gique). La mfime dmulsion nc produit plus le phdnombne aprbs 1 atropine, sub- 
stance qui empfichc Taction de Tacetylcholine. 
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pig_ 10. — Une dmulsion de colibacillcs ou dc pnratypliiquc B prcparcc scion la 
technique indiqudo dans la Idgendc dc la fifi. b produit sur Ic.s vais.scaux dc la 
patte du cliicn unc vasodilatation (action acclylcliolinergique). La mCme 
emulsion ne produit plus Ic.phcnoindnc aprfcs I’atropinc, substance qui cmpCchc 
I’action dc I'acctylcbolinc. 


prouve pour le serum elrangcr (fig. 5 — 6), pour la lubcrculinc 
(fig. 7), pour Ics produils bacleriens (fig. 8, 9, 10). Ce.s substances 
injectees dans la veine liberenl de I’acctylcholinc. La nature acc- 
tj'Icholinigue des plienomcncs oblcnus est demonlree par Ic fait 
qu’ils sont exageres par I’eserine el cmpeclies par Tatropinc. 

Chez riiomme une premiere injection de serum etranger provo- 
que un choc qui, lorsque I’inj'ection est faile clans la veine, pent 
etre mortel. On a parle de igxicilc propre du scrum (explication 
qui ne veut rien dire). On a suppose qu’il s’agit dans ccs cas de 
sujets s’elant anterieuremeni noinris de viande de cbcval cl que 
les phenomenes produils sonl dus h ce qu’on appclle anapliylaxic. 
n n’en est rien — : le choc ainsi produit n’a rien ft fairc avec I’ini- 
2 — Acta med. scandinav. VoL CXVIJI. 
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munite. II s’agit d’un choc acetylcholinique pur, dh h Taction non 
specifique ac6tyIchoIinergique de Tantigtoe. 

II est h remarquer que noUs n'avons pas obtenu le phenonienc 
d’ac^tylcholinogenese avec des bacteries soigneusement debar- 
rassees par des lavages repdt^s k Teau physiologique de leurs 
produits de secretion. Par centre nous Tavons obtenu avec des 
bacteries non d^barrassees de leurs produits ou maintenues pen- 
dant quelques heures a 37° dans Teau distill^e. 

Nous consid^rons Tantigene bacterien, non pas la bacterie elle- 
mfime, mais ses produits d’elaboration. Ce sont ces produits qui 
provoquent la liberation d’acetylcholine. Nous considerons le 
phenomtoe de Tacdtylcholinogenese comme la premiere reaction 
de Torganisme vis-^-vis d’un antigtee. 

Un antig^ne introduit dans Torganisme peut ne produire au- 
cune reaction. Dans cc cas il ne s’adapte pas a Torganisme, dans 
lequel il circule comme un simple corps etranger et finit par etre 
elimine d’une maniere ou d’une autre sans provoquer ni pheno- 
mene d’immunite, ni paraphylaxie, ni maladie specifique, Et le 
premier phdnomene qui se produit et qui est indispensable pour 
que Tantigene s’adapte a Torganisme et provoque des reactions 
de la part de ce dernier, est Tac6tylcholinog6nese. 

E. Aciion acetylcholinergique de iacide P-aminobmzoiquc. 

Nous savons que Tacide p-aminobenzolquc Joue un role tres 
important dans la vie et la multiplication des microbes et qu’il faut 
lui accorder un role primordial dans la production des infections. 
Or, nos recherches demohtrent que Tacide p-aminobenzoique 
a une action acetylcholinergique. 

Dans notre Institut A. Riideanu a demontre sur le coeur isole 
de grenouille que Tacide p-aminobenzoi'que a une action inhibitrice. 

Nos recherches faites chez le chat, la pression generale et sur les 
vaisseaux de la patte du chien ont demontre que Tacide p-amino- 
benzo'ique libere de Tac^tylcholine (fig. 11 — '15). En effet, son action 
est intensifiee par Tdserine qui favorise Tintervention de Tacetyl- 
choline et empechee par Tatropine qui empfiche Taction de cette 
demiere substance. 

Nous attribuons a Tacetylcholine un r61e vital de premiere im- 
portance. Elle ]oue un role de premier ordre dans tous les pheno- 
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Fiff. 11. — L'aclde p-aminobenzoique est acetylcJiolincrgique. Sur le coeur 
isol6 de grcnouille il produit une inhibition qui ne se produit plus en presence 
de I’atropine qui emp6chc I’action dc I’acclylcholine 
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Fig 12 ~ En injection intra-veineuse cliez le chat I'acide p-amlnobenzoique 
produit tine hypotension par liberation d’acetylcholine. L’acide p-a-b no 
produit plus le phdnomfenc d'hypotension aprfes preparation de I’animal h 
1 atropine qui empeche I’action de racetjdcholine. 
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Fly. 13. — Action vasodilatatricc comparative sur la pression sanguine dc 
I’acide p-aminobenzolque et de i’acetylcholmc (injection intra-veineuse chcz le 
chat). L'action est identiquc. 1 y d’acide p-aminobenzoi'quc provoque Un 
etfet egal celui produit par 1/tOOO y d’acdtylchollne. ' 
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Fiq. 14. — Action acetylcholinergique de I’acide p-aminobenzoi'que sur les 
vaisseaux de la patte du chien (technique indiquee dans la Idgende de la figure 
5). L'a p-a-b produit une vasodilatation, phenomene qui est exagdre par 
I’esdrine, ce qui ddmontre qu’il est produit par la liberation d'acdtylcholine. 
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Fig. 16. — Action acclylcliolincrgiquc dc I’acide p-aminobciiEoIque sur Ics 
vaisseaux de la pattc du diicn. Action vasodilalntrice qui nc sc produil plus 
aprfis I'anatropine, cc qui dcmontrc quc Ic phdnomfcnc sc produil par libdration 
d'acdtylclioline. (Technique indlqucc dans la Idgcnde de la fig. 5). 


menes vitaux de Vorganisme, entre autres dans la formation dcs 
anticorps. 

L’action ac^tylcholinergique de I’acidc p-aniinobenzolque nous 
conduit a croire que dans son action sur le mdtabolisme et Ic devc- 
loppement des microbes cette substance agit, (en partie du moins) 
par son action acetylcholinergique ct d’un autre cote quc I’acide 
p-aminobenzolque joue un certain role par cette demiere action 
dans la formation des anticorps. 



Acta Medica Scandinavica. Vol. CXVIII, fasc. I— -III, 1944, 


(De rinstitut Clinico-Medical A dc I’Hdpital Filantropia (1-fere Clinique 
mfedicale de I’Universite de Bucarest) Directeur; Prof. D. Danielopolu. 


Recherches sur le mecanisme de Timmunite, de 
I’anaphylaxie et des maladies specifiques (maladie 
du serum, maladies infecfieuses). 

Phylaxie, paraphylaxie cl choc paraphylaciique aceiylcholinique. 

3 -eme Memoire. 

Preuves et arguments en faveur de notre hypothese. 

Par 

D. DANIELOPOLU. 

Profosseur dc Clinique mddicalc A I'Universite de Bucarest, 

(Ce travail est parvenu h la rfedaclion Ic 3 Ffewier 1944). 


Nous avons enumere dans le premier memoire les objections que 
nous avions k formuler contre la conception classique. Nous expo- 
serons maintenant les preuves et les arguments qui viennent a 
I’appui de notre hypothese. 


A. Action acHhylcholinergique des antigenes et de I'acide 
P-aminobenzoique. 

Nous avons traite cette question dans le 2-eme memoire. Nous 
avons demontre que le premier phenomene qui se produit lors de 
I’introduction de I’antigene dans I’organisme est I’acetylcholino- 
genese. La production d’acetylcholine est indispensable k I’adap- 
tation de I’antigene a i’organisme, ainsi qu’a la production des anti- 
corps et de la maladie specifique. 



recherches sor le 


M^CANISME pE l’iMMUNITE ETC. 


23 , 


B. Ce qa'on appelle choc anaphylacUque est choc paraphpladiqm 

acilylcholinique. 


Nous prouvons que: 

1°. le choc dit anaphylactique est un choc ac^tylchohnique. 

2°. le choc n’est pas un phenomene d’hypersensibilite, oppose 
a I’immunitd; mais un phenomene produit h c6te de 1 immunite, 
dont il depend trfe ^troitement et dont il repr^sentc simplement 

un decheL _ . . 

JO i,e choc dii anaphylactique csi de nature acdtylcholinique. 

a) Les phenomenes qui apparaissent pendant le choc ress- 
emblent k ceux que produit I’acdtylcholine: inhibition cardiaque, 
liypotension, bronchoconstriction, hypermotilitd digestive, vesicale 
et uterine, convulsions, hypocoagulabilitd du sang, leucopdnie 
avec mononucldosc et dosinophilie. 

Nous avons reproduit ces phdnomdnes par une injection intra- 
veineuse d’acdtylcholine. . 

Pendant le choc dit anaphylactique tbutes les proprietes fonda- 
mentales du myocarde diminuent, tout comme apres I’acdtylcho- 
line, L’electrocardiogramme montre un ralentissement du rythme 
et un blocage auriculo-ventriculaire dans les deux cas. L’effet 
bathmo- tono-inotrope ndgatif est plus difficile a constater, mais est 
certain. 

Nous obtenons les memes effets avec rdsdrine, qui agit en 
facilitant I’intervention de I’acetylcholine. La digitale et la stro- 
phantine agissent sur letissu embryonnaire du myocarde (noeud 
sino-auriculaire et faisceau de His) en liberant surtout de I’acetyl- 
choline: ces substances produisent un effet chrono-dromotrope 
negatrf, tout comme dans le choc paraphylactique 

L’hypotension du choc est identique k celle produite par I’ace- 
tylcholine, Elle est favorisee par I’eserine qui favorisc I’intcrvcn- 
tion de I’acetylcholine et empdchde par I’atropine qui empfiche 
I’intervention de cette demiere. IJ en est de mSme de I’hypermo- 
tilite digestive, vesicale et uterine, 

Dans les convulsions qui apparaissent pendant le choc, I’acbtyl- 
choline joue un role essentiel. Nous les avons reproduites par I’ace- 


QUO ces nuSdicatncnts Ub6rcnt plus d*ac6tylcliolinc 
embryonnaire du coeur (action chrono-dromo- 
ca?dimfl2<. LK® de sympathinc que d'acdtylcholinc dans le tissu myo- 
cardique adulte (action batlimo-ino-lonolropc positive). 
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tylcholine et par I’eserine. L’atropine les empeche. Le neurone 
moteur periplierique lib ere de I’acetylcholine qui est un des fac- 
teurs essentiels du tonus musculaire. L’acetylcholine liberee aug- 
mente le tonus, phenomene qui est a la base des convulsions. 

La bronchoconstriction est aussi un phenomene acetylcholinique. 
L’eserine, la pilocarpine, I’excitation du vague, qui agissent tons 
par I’acetylcholine provoquent une bronchoconstriction. Elle esl 
empechee par I’atropine. Nous avons provoque Tasthme experi- 
mental chez le cobaye et le lapin par une injection intra-tracheale 
d’acetylcholine. 

Disons enfin qiie I’acetylcholine, a une certaine dose, provoque 
Une hypocoagulation du sang, une leucopenie, avec mononucleose 
et eosinophilie, phenomenes que nous rencontrons aussi dans le 
choc. 

Pendant le choc I’acetylcholine est liberee dans tous les brganes 
qui sont le siege de formation des anticorps-choline. Tous les tissus 
innerves par le systeme vegetatif produisent ces anticorps, mais les 
uns plus que les autres. Le tissu reticulo-endothelial est un siege 
important de production des anticorps. Or, ce tissu possMe une 
riche innervation vegetative. Les cellules nerveuses sont selon nous 
aussi le siege de production des anticorps. Nous croyons pouvoir 
affimer que tous les organes terminaux qui contiennent la presub- 
stance dont est liberee racetylcholine (precholine) et les cellules 
nerveuses qui liberent aussi de I’acetylcholine sont le siege de 
production des anti corps. 

Nous connaissons le mouvement de rotation du cobaye pen- 
dant le choc acetylcholinique. Nous I’avons reproduit chez le 
cobaye neuf par une injection intra-cerebrale faite latdralement 
a 5 mm de profondeur, au niveau des centres 'coordinateurs de la 
musculature volontaire. 

Nous attirons I’attention sur le fait que le choc acetylcholinique 
provoque chez un cobaye par une injection intra-veineuse d’acetyl- 
choline n’est pas tout h fait identique au choc dit anaphylactique. 
Lorsque le choc est provoqud par une injection intra-veineuse 
d’acdtylcholine, cette substance est apportee par le sang, alors 
que dans le choc elle nait sur place, dans I’intimite de la cellule 
oh se trouve I’anticorps-choline et ou se forme le complexe anti- 
gen e-antjcorps-alexine. Or, la formation des anticorps-choline 
dans les tissus ne se fait pas avec la meme intensite dans tous les 
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tissus et il est logic[ue d’admettre que I’acetylchqlinogenese sera 
d’autant plus intense dans un tissu; que ce dernier contient plus 
d’anticorps. . Et la formation des anticorps-choline depend de la 
concentration en precholine des tissus, qui est aussi inegale. 

C’est de cette inaniere que nous cxpliquons certains phenome- 
nes localises plus accenlues dans le choc paraphylactique, comme 
par exeraple le mouvement dc rotation, n’apparaissant pas apr^s 
une injection intra-veineuse d’acetylcholine. Ce mouvement denote 
la liberation locale d’une forte quantile d’acetylcholine dans les 
centres coordinateurs de la. musculature volontaire. 

Quant a Taction de Tatropine qui empeche tant le choc produit 
par une injection intraveineuse d’acetylcholine que le choc para- 
phylactique, elle s’expliquc par le fait quo cctle substance modifie 
la cellule de Torgane terminal qui perd sa reaclivite a Tac6tylcholine, 
II est naturel que le choc acetylcholinique, tout en etant plus ou 
moins different dans les deux experiences, soil cmpeche par Tatro- 


pine. 

fa) Nous avons ddmontre que Tagar-agar en suspension dans 
Teau physiologique (prepare suivant la formula de Bordet) injects 
dans la veine provoque un choc acetylcholinique. La symptoma- 
tologie du choc produit- par Tagar-agar cs.t idenlique h celle du , 
choc dit anaphylactique, ce qui d6montre la nature acetylcholini- 
que de ce dernier. Cette identite de symptomatologie a conduit. 


Bordet a affirmer que le choc gelosique est un choc anaphylactique 
provoque par Tanaphylatoxine que la gelosc libdrcrait h partir 
de Talexine par un phenomene d’adsorption. En realite, Ic choc 
gelosique n’a rien a faire avec Tanaphylaxie. II est un choc acetyl- 
cholinique non paraphylactique dh a Taction acetylcholincrgiquc 
de la gelose. Si la symptomatologie est identique a celle du ciioc 
paraphylactique c’est parce que les deux se produisent par Tacetyl- 
choline. En plus, tant le choc provoque par Tagar-agar que le 
choc dit anaphylactique, est exagere par Teserinc (qui favorise 
1 action de Tac^tylcholine, et empechec par Tatropine (qui em- 
peche Taction de Tacelylcholine). 


c) Nous avons ddmontrd que tous les antigenes sont acetylcho- 
mergiques. Avee uhc forte dose de serum elranger introduit dans 
la veme nous provoquons chez h cobayc neuf un choc acdtylcholi- 
mque qui resseinble a celui provoque par unc tres petite dose de 
erum injecte dans la veme chez un cobayc prdalablement traite 
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avec le meme serum (et par consequent en etat de paraphylaxie). 
Dans les deux cas il s’agit d’un choc acetylcholinique. Dans le 
premier cas il n’est pas paraphylactique, dans le second.il estpara- 
phylactique. Dans les deux cas le choc est favorise par I’eserine 
et empeche par I’atropine. Sympatomatologiquement ils se res- 
semblent parce qu’en demiere analyse c’est 1’ acetylcholine qui pro- 
duit le choc. Mais dans le premier cas il faut une forte dose de 
serum, dans le second une tres petite dose est suffisante pour pro- 
voquer le choc. 

Nous examinerons cette difference de plus pres. Lorsque nous 
injections a un sujet neuf un serum etranger ce dernier agit par son 
action non specifique acetylcholinergique en liberant de I’acetyl- 
choline a partir de"la precholine. Cette demiere se trouve dans 
les tissus en concentration normale. Lorsque nous injectons le 
serum a un sujet immunise centre ce serum et en etat de para- 
phylaxie la liberation d’acetylcholine se fait a I'occasion de la for- 
mation du complexe phylactjque, dans un organisme en etat d’hy- 
perconcentration tissulaire en precholine. Une trace de I’antigene 
est suffisante pour provoquer le complexe phylactique et I’acdtyl- 
choline est liberee k partir de la precholine qui se trouve en exces. 

d) La symptomatologie du choc paraphylactique est identi- 
que, n’importe quel serait I’antigene qui a provoque la paraphy- 
laxie et ressemble au choc provoque par I’acetylcholine. Or, Tim- 
munite a cote de laquelle s’etablit la paraphylaxie est specifique. 
Si I’anaphylaxie etait aussi specifique, la symptomatologie du 
choc varierait selon I’antigene qui est en cause. 

e) Tous les facteurs qui favorisent 1 ’intervention de I’acetylcho- 
line favorisent aussi le choc paraphylactique acetylcholinique et 
tous les facteurs qui empechent I’intervention de I’acetylcholine 
empSchent aussi • le choc. 

Les experiences faites a ce sujet Jusqu’a nos recherches sont 
arrivees a des conclusions contradict oires. John Auer a signale en 
1910 le fait que I’atropine empeche la bronchoconstriction qui 
apparait pendant le choc et qui serait, d’apres tous les auteurs, la 
cause de la mort. Zunz a obtenu des resultats semblablesi Mais 
Mita, Schmidt et Hape n’ont rien obtenu. D’autres auteurs ont 
favorise le choc avec I’eserine ou la pilocarpine, mais Levy Solal et 
Franck ont empeche par contre le choc par la pilocarpine. L’adre- 
naline empecherait le choc. Pasteur Valery Radot, Hagenau et 
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Dolfuss -ont soutenu qu’il n’y a aucune relation entrc Ic systeme 
nerveux de la vie vegetative et le clioc dit anaphylactique. 

Nous expliquons ces resultats contradictoires par le fait que les 
auteurs n’ont pas tenu compte de I’amphomimdtismc de 1 eserme, 
de la pilocarpine etde I'adrenaline, de I’action inverse des petites 
et des grandes doses de ces substances, du fait que les petites doses 
d’atropine sont amphomimetiques et les doses superieures para- 
sympathofrenatrices, enfin du fait que chez le lapin il existe un 
ferment qui inactive I’atropinc en la dedoublant en tropine et acide 
tropique. 

Voici, en resume, les resultats de nos rechcrclies cn cc qui con- 
ceme Taction pharmacodynamique de ces substances. 

II cst errone de croire que Tadrenalinc cst synipatliomimetique 
et Tacetylcholine est parasympathominietiquc. Les deux substan- 
ces agissent dans les deux sens, phdnomenc que nous avons appcle 
amphomimetisme. L’adrenaline provoque dans la cellule de Torganc 
terminal un phenomcne s-niimetique(reponse ccllulairc) qui decloii- 
che de la part de la cellule un phcnomenc parasympalliomimeti- 
que (riposte ccllulairc compensatrice), qui se produit par liberation 
d’acetylclioline. et qui tend aretablir Tequilibre; Tacetylcholine pro- 
voque un pli^nomene parasympathominietiquc (reponse ccllulairc) 
lequel declenclie de la part de la cellule un phenomene s-ininieli- 
que (riposte cellulaire compensatrice) qui sc produit par libera- 
tion de sympathine et qui tend a retablir Tequilibre. Nous appelons 
encore la reponse ccllulairc action direefe et la riposte ccllulairc 
compensatrice action indireclc. Dans nos recherclies la sympathine 
s est montree biologiquemcnt identique ii I’adrenaline. 

La sympathine liberee par le sympatliiquc provoque unc re- 
ponse cellulaire, laquelle declenclie une riposte cclluiairc conipcn- 
satrice par liberation d’acetylcholinc; Tacdtylcholine liberee par 
le parasympatluque provoque une reponse cellulaire laquelle de- 
clenche une riposte cellulaire compensatrice par liberation de syni- 
pathine. .11 est par consequent errone de croire qu le S et le P agis- 
sent d'^e maniere tout fait independante dans Torganc ter- 
minal. Chacun provoque une reponse, laquelle ddclenche unc riposte 
celWam compensatrice qui tend 4 retablir Tequilibre roncliound 

til i micankmc inlcr-sym- 

patho-parasympaihiqiie de Vorgane terminal. 



28 


D. DASlELOrOLU 


L’amphomimetisme pour Jcs facteurs naturcls cst ce que nous 
avons appele amphomimetismc subsequent: la riposte est sub- 
sequente a la reponse cellulaire. 

Nous avons demontre d’un autre cote que I’eserine et la pilo- 
carpine sont amphomimetiques. L’eserine empeche Taction de la 
cholinesterase et favorise dc cettc maniere Taction do Tacetyl- 
choline qu’ellc intensifie et prolonge. Mais nos recherches ont 
demontre que Teserinc possede encore Taction de liberer de Tace- 
tylcholine et de la sympathine. A petite dose elle libere plus d’ace- 
tylcholine que dc sympathine (action amphomimetique a predomi- 
nance parasympathique amph-P) et a grande dose elle libere plus 
de sympathine quo d’acetylcholine (action amphomimetique h 
predominance sympathique amph. S). Par le meme mecanisme la 
pilocarpine s’est montrcc dans nos reclierchcs a petite dose amph P 
et a grande dose amph S. . 

Nos recherches ont demontre que le Calcium est amph P a petite 
dose et amph S a grande dose. Nous appelons Taction ampho- 
mimetique de ces substances etrangeres amphomimetismc simuUane 
car il est le resultat de la liberation simultanec de sympathine et 
d’acdtylcholinc. 

Les recherches que nous avons poursuivies sur Tatropine nous 
ont demontre que — : 

— ■ a petite dose Tatropine libere plus d’acetylcholine que dc 
sympathine. Elle est amph P, 

— ■ a dose plus grande elle empeche Taction de TacetylchoTme, 
effet que nous avons appele action parasympathofrcnairicc 

— k tres grande dose elle empeche tant Taction de Tacetyl- 
choline que celle de la sympathine, effet que nous avons appele 
action amphojrenafrice. 

Aucun des auteurs qui ont travaille avant nous sur Taction de 
Tadrenaline, de Teserine dc la pilocarpine et de Tatropine sur 
Tanaphylaxie et Timmunite n’ont pas tenu compte de ces fails resul- 
tant de nos recherches et qui se confirment tous les jours. .Ete’est 
pour ces raisons que les resultats de ces auteurs sont contradictoircs. 

II suffit qu’un auteur emploie une petite dose d’adrdnalinc et 
un autre une grande dose, pour que le premier obtienne une facili- 
tation du choc et le second un empfichement. II en est de meme 
pour le Ca, et les autres substances amphomimdtiqucs. 
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Les erreurs faites avec I’atropine sent ies plus graves. .11 suffit 
auteur emploie une petite dose d’atropiue qm hbere de 
Jiacaylcholine et un autre une dose supeneure qui empeche 1 action 
de I’acelylcholine, pour que le premier obtienne nne facilitation et 
le second un enipecliement du choc. A cela s’ajoute un fait tres 
important lorsqu’on travaille sur !e lapin. Le lapin possede dans 
ses tissus un ferment qui inactive I’atropinc en la dedouhlant en 
tropine et acide tropique. II faut alors injeder dans la veine une 
dose enorme d’atropine pour obtenir un effet parasympatliofrena- 


teur. 

Dans les recherches que nous avons faites en 1908 1910 nous 

avons obtenu.aussi des resultats tres surprenants avec 1 atropine 
et I’adrenaline, parce que nous ne connaissions pas exactement 
I’action de ces substances et nous nous servions de doses trop 
petites. Ce n’est qu’apres de longues etudes sur le Systeme nerveux 
de la vie vegetative — que nous avons poursuivies pendant plus de 30 
ans — et surtout apres avoir travaille dans la question des media- 
teurs chimiques, que nous avons pu etablir les doses a employer et 
les principes d’interpretation des resultats obtenusi 

Employees d’une maniere logique ces substances nous onl 
permis d’arriver a la conclusion suivante; 

Toni fadeur qui fadlite Vinierveniion dc Vacdylcholine favorise 
Ic choc d (out fadeur qui empeche Vinierveniion de Vacdylcholine 
empiche aussi le choc. 

Nous resumerons plus has tres smeinkmeni les resultats de nos 


recherches faites sur environ 500 animaux (cobayes et lapins), 

-- Eserine. Nous avons clioisi une dose d’eserine qui facilite 
suffisamment I’intervention de racetylclioline. Pour provoquer le 
choc nous nous servons d’un melange d’antigene-anticorps (gene- 
ralement hematics de mouton -{- serum de lapin. anti-mouton) 
que nous injectons dans la veine chez le cobaye neuf. ; 

Nous dosons la dose minime de ce melange qui provoque un 
choc classique. Une dose de ce melange qui chez le cobaye non 
esenmse ne produit rien, provoque un choc classique la plupart 
du temps mortel chez le cobaye eserinise. 


Adrenaline. Nous avons obtenu en gtofeal avec une petite 
dose d adrenaline une facilitation du choc et avec nne grande dose 
un empechement. Mais les resultats ne sent pas toujours trte 
nets, fait que nous expliquons par ramphomimetisme de l’adr4hai. 
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line. Cette substance provoque un phenomene s-mimetiquc qui 
declenche un phenomene p-mimetique qui se produit par libera- 
tion d’acetylcholine. Nous avons la par consequent a compter 
avec deux facteurs: un facteur s-mimetique .qui empeche le choc 
et un facteur p-mimetique qui le favorjse. 

— Adrenaline apres ergolamine. 

L’ergotamine empeche Taction s-mimetique de Tadrenaline, 
qui devient exclusivement p-mimetique. En realite Tadrenaline 
apres Tergotamine agit exclusivement par Tacetylcholine qui est 
liberee pendant la riposte cellulaire compensatrice. 

Nous preparons les cobayes neufs d’abord a Tergotamine et 
ensuite a Tadrenaline qui, par la riposte cellulaire compensatrice 
qu’elle produit lib ere de Tacetylcholine. Chez un cobaye ainsi 
prepare une dose d’ antigene-anticorps incapable de provoquer le 
choc chez un cobaye temoin (non prepare a Tergotamine-adrenaline) 
donne un choc classique mortel. 

— Strophantine. 

Nous avons demontre que la digitale et la strophantine agissent 
par la liberation de mediateurs chimiques; qu’elles liberent dans le 
tissu myocardique adulte plus de sympathine que d’acetylcho- 
line et dans le tissus embryonnaire (noeud sinoauriculairc et 
faisceau de His) plus d’acetylcholine que de sympathine. 

C’est de cette maniere que nous avons explique le fait, curieux 
en apparence, que la meme substance produise un effet positif sur 
certaines propridtes myocardiques (action bathmo-ino-tonotrope 
positive) et negatif sur d’autres (action chrono-dromotrope nega- 
tive). C’est que Texcitabilite, la tonicite et la contractihte du coeur, 
sont des proprietes de la fibre myocardique adulte, alors que Tauto- 
maticite et la conductibilite a — v sont des proprietes de la fibre 
embryonnaire.’ Or, dans la fibre adulte la digitale et la strophantine 
liberent plus de sympathine dont Taction est positive et dans la 
fibre embryonnaire elles liberent plus d’acetylcholine dont Taction 
est negative. L’electrocardiogramme montre que pendant le choc 
paraphylactique acetylcholinique le coeur s’arrete par action 
chrono- et dromotrope negative (ralentissement normotope etbloc 
a — ^v), phenomene que nous attribuons a Tacetylcholine. 

Or, dans nos recherches la strophantine qui agit de la meme 
maniere sur Tautomaticite et sur la conductibilite, favorise enor- 
mement le choc paraphylactique acetylcholinique. Le cobaye 
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strophantmisi fait un choc avec one dosa d’antigeBE-anticorps 
beaacoap plus petite qae le cobayo pep stTophantmise. Cette 
actiop favorable est due a I'actiop libcratrice d’acdtylcholme dans 
le tissu embryonnaire du coeur de la strophantine. 

— Atropine. 

Dans nos recherches I’atropinc a petite dose a favonsd Idgere- 
went le choc dans quelquesunes de nos experiences. Son action 
favorisante est tres l(5gere, car ces doses liberent peu d’acc^tyl- 


choline. 

A doses parasympathofrenatrices I’atropine empechc dans 100 % 
des experiences le choc paraphylactique acdtylcholiniquc. Le cobaye 
atropinise r4siste d des doses d’antigcne-anticorps trois et qua Ire 
fois plus grandes que la dose qui produit Ic choc classique m oriel 
chez le temoin non tropinisd, 

— - Eserine-atropinc cl slrophanline-airopinc. 

Nous avons demontre que rdscrinc ct la strophantine favori- 
sent le choc par le fait que ces substances favorisent rintervenlion 
de I’acetylcholine, 

Nous avons fait I’experience dc controle suivanlc. 

Un premier lot de cobayes est prepare a I’eserinc; uu second lot 
d la strophantine; un troisieme lot est prepard a I’eserinc cl ensuilc 
d Tatropine; un quatriemc lot est prepare a la strophantine el 
ensuite a I’atropinc; un cinquieine lot de cobayes nc rcQoit aucunc 
preparation, 

Les cobayes du 1-er ct du 2-eme lots font le choc apres des doses 
d’antigene-anticorps qui chez les cobayes du 5-einc lot nc produi- 
sent rien. 


Les cobayes du 3-eme ct du 4-cmc lots nc font pas dc choc 
meme aveedes doses d’anligene ~ anlicorps 3 cl 4 fois plus fortes 
que cedes qui provoquent le choc clrez les cobayes du 5-enie lot. — - 
f) L’atropine empeche et rdserine favorisc le clioc provoque 
par une injection intraveineusc d’acdtylcholinc et le clioc gclosiquc 
qui est aussi un choc acdtylcholiniquc. 

Nos experiences ont eld faites sur Ic lapin et Ic cobaye. L’acd- 
tylcholine injectee dans la vcine provoque un choc acctylcholinique. 
Ce choc est un peu different du choc paraphylacliquc acdtylcholi- 
nique par le fait que le choc produit par I’hijcction inlra-veineiisc 
d acelylcholme est dh d I’action de I’acetylcholine distribuee d’unc 
maniere egale pour la circulation aux organes, alors quo dans Ic choc 
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paraphylactique acetylcholinique I’acetylcholine est liberce- sur 
place, dans la cellule. Or, chez I’anirrial immunise contre un anti- 
gene la concentration en anticorps et par consequent en precho- 
line n’est pas la meme dans tous les organes. Les tissus'capables de 
fabriquer plus d’ anticorps prescntent aussi une concentration en 
precholine plus ekvee. Aussi,' pendant Ic.choc.ce sont ces tissus 
qui sont le siege le plus intense de I’acetylcholinogenese et dont Ic 
tonus est par consequent modifie le plus dans le sens parasympa- 
thique. 

Tout naturellement I’atropine par son action empiechante sur 
I’acetylcholine empeche tant le choc provoque experimentalemenl 
par rinjection intra-veineuse d’acetylcholine que le choc paraphy- 
lactique acetylcholinique. Ce fait demontre une fois de plus que ce 
dernier choc est de nature acetylcholinique. 

L’atropine empeche aussi le choc gelosique, que nous avons 
demontre etre de nature acetylcholinique. La gelose, par un 
trouble colloidal provoque sur la cellule lib ere de I’acetylcholine, 
dont I’atropine empeche Taction. 

Dans nos experiences Teserine favorise le choc provoque par une 
injection intraveineuse d’acetylcholine ou de gdlose. 

Apres Teserine nous pouvons provoquer chez le lapin et chez le 
cobaye un choc acetylcholinique mortel avec une dose d’acetyl* 
choline ou de gelose beaucoup plus petite que la dose minime qui 
provoque le choc mortel chez le temoin non prepare a Teserine. 

g) Nous avons demontre en 1931 que Tacces d’asthme se 
produit par liberation d’acetylcholine, et cela tant dans Tasthmc 
dit anaphylactique (que nous appelons asthme paraphylactique) 
que dans Tasthrr.e provoque par un facteur nerveux (emotion, 
reflexe, etc). 

Or, nous constatons que Tacces d'asthme paraphylactique a une 
symptomatologie identique n’impoite quel serait Tantigene qui a 
provoque la paraphylaxie locale. Nous constatons de meme que la 
symptomatologie de Tasthme paraphylactique est identique a cello 
de Tasthme non paraphylactique, produit par un facteur nerveux 
(emotion, reflexe). Or, Tasthme nerveux se produit par la libera- 
tion d’acetylcholine, ce qui demontre une fois de plus que le choc 
paraphylactique est acetylcholinique. Dans le choc general il s’agit 
d’un etat de phylaxie et paraphylaxie general et de liberation 
gdnerale d’acetylcholine pendant le choc; dans Tasthme il s’agit 
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d’un etat de phylaxie. ct parapliylaxie locale ct dc liberation 
bronchique locale (ou surtout locale) d’acetylcholine. 

Nous reviendrons en detail sur la question dans un paragrapbc 

ult^criciir * 

li) Nous.avons dderit cn 1922 deux elats vegetatifs anormaux: 
I’amphotonie caracterisde par un 6tat d’hyperconcentration des 
tissus cn precholine ct I’hjTioamphotonic caractcrisdc par un dtat 
d ’hypo concentration dcs tissus en ccs deux presubstanccs. 

L’amphotonie et I’hypoamphotonic peuvent etre conslitution- 
nelles ou acquiscs. Parmi les ampholonies acquises nous signalons 
I’liyperthyroi'dismc, que nous avons demontrd nc pas filrc unc 
sympathicotonie, mais unc ampholonie a predominance sur Ic 
groupe excitateur. Parmi les hypoamphotonics acquiscs nous avons 
decrit riiypoamphytonie qui sc rencontre pendant les infections 
ou chez les cachectiqucs, chez les ddliilcs. 

Or, nous constatons que, grace h I’lij^perconccntration en prcclio- 
line des tissus I’ampliotonic constitutionncllc ct ramphotonie base- 
dowienne favorisent le choc general ou local (acces d’asUnne), 
alors que riiypoamphotonic constitutionncllc ct riiypoamphotonic 
dcs maladies infcclicuscs aigucs ou cachectiqucs cmpGchcnl Ic 
choc. Ce qu’on appelle anergic n'est d’apres nous qu’un dial d'hypo- 
amphotonie due h une hypoconcentration des tissus cn prdcholine. 

i) Nous avons trouve dans nos rccherches que Ics complexes 
phylactiques formes avee les anticorjis qui agissent avee ic concours 
de I’alcxine liberent rapidement unc grande quantile d’acelylcho- 
line au moment de Icur formation {nccUjkhoHnogcncse explosive) 
et que les complexes phylactiques formds avee des anlicorps qui 
agissent sans alcxinc liberent racetylcholine plus lentement (acc- 
iylcholinogcntsc Icnic). 

Or, I’acetylcholinc, des qu’cllc cst liberde s’inaclive el il faut 
qu’unc grande quantile d’acdtylcholinc soil libdrdc a la fois pour 
que Ic choc paraphylactiquc acetylcholiniquc ajiparaisse. Voila 
pourquoi ce n’est qu’avec les complexes phylactiques i acetylcho- 
linogenese explosive quo le choc est evident. Mais si nous prepa- 
rons I’animal a I’dserinc, nous oblcnons un choc ])araphylacliquc 
acetylcholmique net mdme avee ks complc.xes phvlactiqucs sans 
alexm'e. Nos experiences ont etc failcs chez Ic cobayc avee le me- 
angc neutre dc toxinc ~ antiloxinc diplilerique. Lc mdlaimc 
employe par nous, injcclc dans Ja veinc, chez le cobaye ncuf, mdine 
3 A.c(a med. scandinav. Vol. CXVIII. 
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a grande dose, ne provoquait aucun choc. La liberation d’acetyl- 
choline se faisant d’une maniere lente, elle s’inactivc rapidement 
et le choc n’est pas evident. 

Apres eserinisation de I’animal, le meme melange provoquait 
un choc paraphylactique acetylcholinique classique. L’eserine 
empeche I’inactivation de I’acetylcholine et en mdme temps libere 
cette substance: le choc devient evident. En tout, elle favorise I’in- 
tervention de I’acetylcholine. 

2" — Le choc dii anaphylaciique ne signifie nullemenl une scn- 
sibilisaiion de I’organisme. — II s’agit d’un phenomene produit a 
cote de I’immunite et dependant de ce dernier phenomene. C’cst 
un phenomene paraphylactique, dechetdu phdnomene d’immunile. 

Un cobaye injecte avec du serum de cheval, n’est pas sensibilise 
mais immunise centre ce serum. Lorsque nous faisons la deuxieme 
injection I’antigene nouvellement introduit forme avec I’anti- 
corps un complexe immunisant (et non pas sensibilisant), qui 
libere de I’acetylcholine. II en est de meme dans ce qu’on appclle 
anaphylaxie passive et anaphylaxie in vitro: il s’agit de phenomene 
d’immunite passive in vitro, phenomenes accompagnes de libe- 
ration d’acetylcholine, qui provoque le choc paraphylactique 
metylcholinique, qui libere de I’acetylcholine, qui declenche le 
choc. 

Si le choc etait I’expression d’une hypersensibilite de I’orga- 
nisme vis-a-vis de telle ou telle substance, il faudrait que le choc 
presente pour chaque substance une symptomatologie a part. Or, 
la symptomatologie est toujours identique, ou du moins contient 
des symptomes identiques. 

Si I’immunite et I’anaphylaxie etaient deux etats independanls 
et opposes les facteurs qui favorisent un etat devraient empecher 
I’autre et inversement. Or, nous avons demontre que tous les 
facteurs qui favorisent I’immunite favorisent aussi I’anaphylaxie 
et tous les facteurs qui empechent I’immunite empechent aussi 
I’anaphylaxie. 

Salomonsen et Madsen, Stella Litarezek, Beliak, Saghy et 
Czeresznyes, Nordienko et beaucoup d’autres auteurs ont trouve 
que la pilocarpine et I’eserine favorisent la production des anticorps 
et que I’atropine I’empeche. Nous expUquons Taction favorlsante 
de Teserine sur la production des antigenes par la liberation d’acetyl- 
choline et son action empechante sur la cholinestherase et Taction 
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empecliantc de I’atropine par son action empcclianle sur 1 acctyl- 
cliolinc. Or, nous demontrons quc tons Ics anlicorps sont immu- 
nisants ct qu’il n’cxisle pas d’anlicorps anaphylaclisants. El 
d’un autre cote la pilocarpine ct I'esdrinc favorisent ]c choc ct 
Fatropine I’empeche. Ainsi done, tous les factcurs qui favorisent 
Fimmuriite favorisent aussi cc qu’on appelle anapliyJaxic ct tous les 
facteurs qui cmpdchenl Fimmunitc empcchent aussi ces deux 
etats. 

II est Ires nalurel d’ailleurs quc la paraphylaxie soit favorisec 
par les memes factcurs quc la phylaxic, car elle n’est qu’unc depen- 
dance de cetle demierc. 

Les anticorps ne peuvent se produirc qu’en ctroitc union avee 
I’acetylcholine. Au fur et h mesure de Icur production la concentra- 
tion en precholinc dcs tissus augniente, cc qui constiluc Fetal dc 
paraphylaxie. 

Disons encore qui Faniphotonic qui f.avorise la paraphylaxie, 
favorisc aussi Fimmunite et quc Fhypoamphotonic empechc les 
deux (ilals, 

Les liyperthyroidicns s’iinniunisenl plus facilcmcnt ct font dcs 
phenomencs paraphylacliques plus intenscs; les cachccliqucs (qui 
sont hypoamphotoniques) s’immunisent difficilonont ct nc font 
pas de phenomcnes paraphylacliques. 


C. Vclat dc paraplujlaxie cst im clal d'lnjpcrconccnlraiion dcs lissus 

cn precholinc. 

L’antigenc liberc de Facctylcholinc cl provoque Fnjiparilion des 
anlicorps qui se forment en ctroitc union avee la prdcholine tissu- 
laire. A mesure quc les anlicorps se fonnent, Ja concentration cn 
precholinc des lissus augmcnle. 

Nous avons demontre que chaque fois qu’un facleur vcgclatif 
augmcnle d’inlensile, le faclcur anlagonislc tend acontrebalancer 
son action en augmcnlanl aussi son action. - L’hypcrirroduclion 
d acetylchohne cst accompagncc d’unc hyperproduction de sym- 
palhmc. C’est pour cetle raison quc les etats dc sympathicotonic 
ct Jo vagolonic sont cxccplionncls et quc iivesque tonjonrs il sc 

P d .t one o'csl .0 dire „„ elat ,r),5„orco„oe„lraliou 

lisstilairc tanl cn precliolir.e qu’en preadrcnniinc. 



36 


D. DA.NIELOPOLU 


A I’etat d’amphotonie s’oppose ce que nous avons appele I’hypo- 
amphotonie, etat dans lequel la concentration des tissus en preadre- 
naline et en precholine est diminuee. 

Nous avons decrit I’amphotonie et I’liypoampliotonie consti- 
tutionnelle et I’amphotonie et riiypoamphotonie acquises. L’ampho- 
tonie provoquee par un antigene, que nous appelons amphotonie 
paraphylactique, est une amphotonie acquise. Dans I’amphotonie 
paraphylactique c’est surtout I’hyperconccntration en precholine 
qui est exageree. 

Nous avons dit que tout antigene prove que cet etat de phylaxie 
— paraphylaxie. Si la phylaxie est complete, tout I’antigene est 
fixe et rendu inoffensif et la maladie specifique no se produit plus. 
Si la phylaxie est incomplete il apparait apres une certaine periode 
d’incubation la maladie specifique correspondante. Que I’immu- 
nite soit complete ou qu’elle soit incomplete, il se produit d c6li 
I’etat de paraphylaxie. 

Ainsi done, I’incubation de la maladie specifique (maladie du 
serum, maladies infcctieuscs, etc) est caracteriscc par une hyper- 
concentration tissulaire en precholine. 

Nous prouvons I’etat d’hypcrconccntration en precholine des 
tissus pendant la paraphylaxie par les fails suivants; 

a) Chez I’liommc, pendant I’incubation de la maladie du 
serum la reaction a I’adrenaline est identique a celle qui se 
produit lorsque les tissus presentent une hyperconcentration en 
precholine. 

La meme dose, qui chez le sujet normal a une action ampho- 
mimetique a predominance sympalhique (amph S) produisant une 
elevation de la pression sanguine et une accdleration du coeur, 
devient isoniimetique (action nulle) ou meme amphomimetique a 
predominance parasympathique, produisant de la bradycardie et 
une hypotension (amph P). Voisi le mecanisme du phenomene. 
Nous avons demontre que I’adrenaline n’est pas sympathomime- 
tique mais amphomimdtique; qu’a petite dose elle est amph P et a 
grande dose elle est amph S; qu’entre les petites et les grandes doses 
se trouve une dose intermediaire dont Taction s-mimetique et 
p-mimetique sont egales (action nulle ou presque nulle) et que nous 
avons appelee isomimeiique. L’adrenaline provoque un pheno- 
mene s-mimetique que nous appelons reponse cellulaire, laquelle 
declenche dans la cellule un phenomene parasympathomimetique 
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F/j, 1 — Adion amphomimdigue dc I’fidrinnliiic siir tcs vaisscnux norinntix 
el sur les vaisscanx dans un organismc cn dial dc pitraphtjlaxie^ 

Doses 1, 2. 3, 4, 5. — Doses dc plus cn plus (irntulcs d’-adrcnnline. 

Normal L'adrdnaline a unc nclion S-niim. HDc produR sur Ics vnisse.aux 
do Ja circulalion g<5n<5rnlc uuc rdponsc celUdairc qui csi S-inim, InqiicHo ddclenchc 
lalibdration d'ACIiE QUiprovoque la riposte cr//f(/aircconipcfi.s(ilr(cc quicslp-nuin. 

- Petites doses (aniph P): action S-mim. < action p-mim = v.-isodiiatation. 
Granclcs doses (amph S); action P-mim < action .s-mirn = vasoconstriction. 
Doses Isominidliqucs: action S-mlm. = action P, mini. 

I riposte prend nniss.nncc p.ar lihdrntion d’AChl-: i\ parlir 

du CACh (prcchohne). Plus la concentration dcs tissus Imnuinisds cn prC-dio- 
line cst elcvcc, plus la quanlil<5 d^ACliE lilidrdc sera f^rando. 

p,„o„l, vp»,ni„u- 

(.cito vL'o5n™Sor''‘ 

La dose 3 encore plus grande, normalcmcnt ampli .S ct par consdoucni vuso 

.irictS 

». « «n etrcl .Ian, ZpX'l.S..“'' 
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Fig. 2. — Chat, la dose de 5 y est amph S ct produit unc vasconstriction. 
L'adrenaline provoque par son action dirccte S-mim une reponse cellulaire qui 
declenche une riposte cellulaire compensalricc qui se produit par liberation 
d AChE. La reponse s-mim. est plus intense quo la riposte p-mim. (action 
amph S). Aprfes I’eserine la quantite d'ACh lib^ree qui produit la riposte ccl- 
lulaire compensatrice est plus grande: d oil riposte > reponse: action amph. P 
(vasodilatation). Apr6s atropine Paction P. mim. disparait et la m6me dose 
d’adrenaline produit une vasoconstriction (action excl. S-mim.). La vaso- 
constriction est plus intense qu’avant Patropine. 

Cette experience ddmontre que Paction P-mim. de l'adrenaline sc fait par 
liberation d .\ChE. Selon nos recherches Pesdrine possfede, cn dehors de son 
action empechante sur la cholinesterase une vdritable action libdratrice de medi- 
ateurs chimiques et surtout d’ACliE. 


que nous appelons riposte cellulaire compensatrice et qui se produit 
par liberation d’acetylcholine. 

La riposte cellulaire compensatrice est par consequent un 
plienomrae de reaction cellulaire qui tend a retablir I’equilibre 
derange par Taction s-mimetique de Tadrenaline. Et Tacetylclio- 
line liberee pendant la riposte provient de la precholine. Plus la 
concentration des tissus en precholine sera elevee plus la riposte 
compensatrice cellulaire sera intense. Avec une petite dose la 
predominance parasympathique sera dans ces cas plus forte, une 
dose isomimetique deviendra amph P, une dose amph S deviendra 
isomimetique ou meme amph P (fig. 1.). 

La reaction a Tadrenaline telle qu’elle se produit pendant 
Tincubation de la maladie du serum prouve un etat d’hypercon- 
centration des tissus en precholine. Et comme cette derniere se 
produit comme corollaire de Tetat de phylaxie, Thyperconcentra- 
tion en precholine des tissus est un signe de formation d’anticorps 
choline. 
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Chez line nialade qui avait re^u plusieurs annces auparavani 
line injection de serum anli-diphtdrique on pratique unc injection de 
serum anti tetanique... Pour cyiter les accidents paraphylactjques on 
lui inj'ecte sous la peau un mg d’adrcnalinc, dose qui chez Ic suj'ci 
normal, provoque une;acceleralion du ryllunc ct unc. hypotension. 
Immediatement apres die fait unc forte liradycardie ct iin dial 
de collapsus.avec forte hypotension. La dose d’un mg d’adrdnalinc 
qui chez le sujet normal cst amph S, a eu chez cette maladc line 
action amph P, grace a I’clat d’hypcrconcentration des tissus on 
preclioline. 

Nous avons pu c.xperinientalemcnt transformer raction amph 
S en action amph P cn traitant prealahlemcnt I’animal par rdscrino 
qui facilite Taction de Tacdlylcholinc. Dans ]’e.\perience de )a fig. 2 
unc dose d’adrenaline amph S qui produit unc vasoconstriction 
devient amph P apres Tdsdrinc. Cette transformation cst Ic rcsul- 
tat de Tacetylcholine liherec pendant la riposte ccllulairc comjicn- 
satrice, car apres Talropine la mdinc dose fTadrcnalinc produit dc 
nouveau unc vasoconstriction ct mdme. unc vasoconstvicUon plus 
intense qu’avant Tatropinc. 

h) Nous avons demontre quo Tatropinc h pclilc dose lib ere de 
la sympathine ct surtout dc Tacdlylcholinc (action am])h P) et h 
dose plus grande die empdeho I’aclion de I’acetyJcholine (action 
parasympathofrenatrice). La h'mite entre Ja dose amph P ct 
Taction p-frenatricc cst naturcllcmcni siliice d’autant jihis liaul 
que Ja concentration cn prdcholine csl plus dlevdc. En effet, la 
quantite d’acdtylcholine libdrdc csl d’aulanl plus dlcvce que la 
concentration cn preclioline des tissus cst phis grande. 

Nous Irouvons qu'unc dose qui csl dejh p-fren. chez Ic snjet 
normal est encore ampli P pendant I’incnhalion dc la maladic du 
serum, ce qui prouve un dial d'hypcrconccntralion cn prdclioline. 

c) Dans Tasthmc la reaction des hrondies A Tadrdnalinc cl a 
Tatropinc demontre TJiypcrconccntralion locak cn prdcholine. Une 
dose amph S d’adrdnaline qui dilate les hrondies iicut divenir 
amph P ct provoquer une hronchoconstriclion; une dose p-frdn. 
d’atropmc qui dilate les hrondies pent exagdrer Ic bronchospasme 
devenant ampli p. Nous avons conslatd ccs phdnomcnes dans 
plusieurs cas d’asthme Ires inlenscs que nous avons eii a 
soigner. Nous reviendrons sur cette question dans un paragrajilic 
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En general I’atropine (par son action parasympathofrenatrice) 
et I’adr^naline (par son action amph S) produisent une broncho- 
dilatation. Mais lorsque I’etat d’hypcrconcentration en precho- 
line des tissus broncbiqucs est Ires elevec, I’atropine pent avoir une 
action amph P et I’adrenalinc unc action amph P et provoquer une 
bronchoconstriction. 

d) On a pretendu que pendant I’etat appele anaphylaxie I’cxci- 
tabilite des nerfs est augmentee. Voici cc qui sc passe en realite. 
L’excitation du vague produit sur le coeur des effets inhibiteurs 
plus intenses que chez I’animal normal. Mais cela ne veut pas dire 
que I’excitabilite des filets parasympathiques du vague est aug- 
mentee. Les tissus etant pendant I’incubation en hypcrconcentra- 
tion acetylcholiniquc I’cxcitation des filets parasympathiques pro- 
duit un effet plus intense, car la source dont provient I’ac^tylcho- 
line est plus devee. 


D. — L’elal de paraphylaxic n'esl pas spccifique. Ellc esl 
idenlique, n'imporle quel antigenc seraii en cause et consistc ioujoms 
en unc hypcrconccniration en prcchoUnc. 

Selon la conception classique I’anapliylaxie est sp.ecifiquc, 
etant due a des anticorps specifiques. Nous soutenons que la para- 
phylaxie n’est pas specifique, mais qu’ellc est li6e h I’immunite 
qui — elle — est specifique. L’antigene provoque un etat d’immu- 
nite specifique, par la formation d’anticorps specifiques. Mais ccs 
anticorps se forment en etrojte union avec la precholine des tissus. 
N’importe quel serait I’antigenc et I’anticorps que ce dernier pro- 
voque, I’etat de paraphylaxic qui se produit a cote consiste toujours 
en un processus identique: hyperconcentration en precholine. 
Ainsi done, la paraphylaxic n'est pas specifique. 

Nous avons constate que dans I’asthme paraphylactique la 
reaction locale (bronchique) a I’adrenaline ou h I’atropine est le 
meme n’importe quel serait I’antigene qui a provoque I’etat astli- 
matique; elle prouve un etat d’hyperconcentratiCh en precholine. 
Si ce qu’on appelle anaphylaxie etait un etat specifique dh a la 
formation d’anticorps specifiques, I’etat des tissus serait different 
suivant I’antigene qui a provoque les phenomenes. 11 en est de 
meme pour les etats de paraphylaxic generale. 
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E. L'elat d'htjperconcenlraUon en precholine pendant la para- 
phylaxic csi Ic memc qiic Vclai d'hyperconcentraiion prccholinique 
iissulaire du d d’aalres causes. 

L’amphotoniquc constitutionncl reagit h I’adrenalinc ct a 
J’atropine de la meme maniere que I’amplioloniquc parapJi 3 dacti- 
que. Dans Tastlimc non paraphjdactiquc les bronchos rdagisscnt 
de la meme maniere h Tadrenalinc ct h Talropinc que dans I’aslhmc 
paraphylaclique, Dans les deux cas il s’agil d’un eiat d’hyj)er- 
concentration cn precholinc ct cc n'est que la pathogenic dc ce 
dernier etat qui est differentc. 


F. l^lude dc I’asthmc paraphylaclique cl non paraphylaclique. 

Voici notre conception sur le mccanisme dc I’acccs crasihinc 
expose cn 1931, I’acces d’aslhme sc produit sur un terrain predns- 
pose localmcnl. La tuberculose. qui sc trouve tres souvent dans 
s antecedents dcs asthmaliques, cvoluant vers la sclerose, laisse 
ans les bronchioles ct lours nerfs dcs lesions inflammaloires irrila- 
tn cs qui augmentenl Icur rcactivilc cl provoquent un etat d’h vner- 
me ocale. Scion noire »loi dcs predominances^ chaque fois mrun 
organc est en etat d'ln.pertonie tons les facteurs '^i ^ 

d immunite locale ( tnrU.r , • ^rmev s ajoutc un etat 

albumines alterccs Resultant 'f par les 
nant des albunLriiS^ I 

provoquent localement un elal dq antigenes qui 

locale. Les anticorps sc prodnis 

choline et l’(5tat dc phiilarie ! avee I’acclA-I- 

Paraphylaxic locale, qui n’est IZ ^ ^ d’un cial dc 

on precholine. Celte\ypcrconcLVrar locale 

par consequent deux sources- h losi P^ocliolinc rcconnait 

des tissus bronchiques etant plus richn'i priicholinc 
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d’asthme peut etre provoque chez ces sujets, par un facteur nerveux 
(un reflexe par exemple) ou par la formation locale d’un complexe 
phylactique (antigene-anticorps-alexine). Les reflexes sont tous 
amphotropes et predominent plus que normalement sur le 
groupe excitateur (parasympathique) toutes les fois que I’orgaiie 
se trouve en etat d’hypertonie. II se produit une liberation exage- 
ree d’acetylcholine qui declenclie la bronchoconstriction. Chez le 
meme individu la reintroduction dans I’organismc du mSme anti- 
gene qui a provoque I’etat d’immunite locale provoque la. forma? 
tion d’un complexe phylactique (antigene-anticorps-alexine) qui 
libere de racetylcholine, substance qui provoque la bronchocon- 
striction. 

Ainsi done, ces sujets peuvent faire des acces d’asihmc non 
paraphyladique produits par un reflexe ou un dtat paraphylactique 
produit par la reintroduction du meme antigene. 

L’etat de predisposition anatomique peut etre du a une lesion 
broncho- pneumonique ou aux gaz asphyxiants ou a une blessure 
du poumon. L’etat de phylaxie et de paraphylaxie locale peut 
gtre provoque par I’inhalation de differents antigenes: emanation 
de mouton ou de cheval, poudre d’ipecca, pollen de graminees, etc. 

Get etat de phylaxie et de paraphylaxie locale produit par 
I’antigene peut Stre accompagne d’un etat de phylaxie et de para- 
phylaxie generale due au passage d’une petite partie de I’antigene 
dans la circulation. Mais e’est surtout I’etat local qui predomine. 
D’un autre cote lors de la formation du complexe phylactique local 
(par la reintroduction du meme antigene), 1’ acetylcholine liberee 
en grande quantite peut passer aussi dans le sang. C’est de cette 
maniere que s’explique le fait que le choc local s’accompagne d’un 
choc general (hypotension, leucopenie avec mononucleose et eosi- 
nophilie). Mais c’est toujours le choc local qui predomine. 

L’etude de I’asthme paraphylactique et non paraphylactique 
nous donne une serie de preuves et d’arguments en faveur de notre 
hypothese. Nous en avons deja parle dans les paragraphes ante- 
rieurs et nous ne faisons ici que les resumer. 

a) La symptomatologie de I’acces d’asthme paraphylactique 
ressemble aux phenomenes provoques par I’acetylcholine: bron- 
choconstriction, phtoomenes vasculaires et glandulaires bronchi- 
ques, eosinophilic locale, hypotension, leucopenie generale avec 
mononucleose et eosinophilie. 
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Experimenlalcmcnt nous avons provoque chcx Ic cobayc cl le 
lapin neuf le syndrome dc rasUimc par une mjecUon mlra-lrachca c 
d’Letylcholine. La lesion analomique csl idcnlique a ccllc dccnJi, 
dans le clioc dil anaphylacliquc. Commc cc dernier les pheno- 

mencs d’asthme sonl cmpeches par I’alropmc, 

h) N’imporle quel scrail rantigenc qui a provoque 1 elal 
d'immunite locale, le syndrome nsLhmaiique, csl idcnlique, car 
I’etat de paraphylaxic consisle. loujours eu imc hyperconccn- 
traUon cn precholinc ct I’acces csl provoqud tonjours par racetyl- 


clioJinc. 

c) symptomatologic dc I'acces d’asllime parapliylaciique est 
Menlique a la symplomalologic de I’acces d’astlime non jiaraplij-- 
lacliquc du d un faclcur nervenx (refJcxc, etc). 

Dans les deux cas il s’agit dc Hherasion d’acetylcholine. 

d) Les bronclics chez les sujels predispo.se.s a rasUime jmra- 
pJiyJacliquc reagissent a radrenaline commc dans I’asthme non 
parapliylaciique. Uii dose amph S (hronchodilalalrice) e.sl dan.s 
CCS cas amph P (l)ronchoconslriclion). 

II cn est dc meme pour la rcaclion a rnlropinc. 

Nous avons dcmonlrd le phenomene inlerossanl suivnnl. (Ihc/: 
un asthmalique il cxisle un clal de. paraphylaxic hronchiqiie 
intense, accompagne souvenl d’lin elal de jiaraphylnxie gdnenile 
Ires faiblc, qui pent ne pas exisler. L’cpreuve a J’adrenaline el a 
I’atropine (a une ccrlainc dose) donne dans ces vrts on effel normal 
ou quasi normal sur Ic coeur (lachycardie)el les vnisseaux (hyper- 
tension) cl un effel inver.sdsur les bronchos. C'c.sl re que nous avons 
conslale dans I’asllunc cn enqiloyant cerlaines doses d’adrcnalino 
ou d’alropine. 


Une injection d’adrenalincnous a domic une. laehveardie el mie 
dlevalion dc la pression sanguine (action amph S) el on mC-me 
temps une exagdratiou de I’acces d'aslhmc iiar bronchoconstrie- 
tion (action amph P). Le phenomene est da d unc hvperconcentra- 
tion des bronches cn precholinc cl tnic concenlraliou moindre mi 
CGtlc presubslnncc du cocur cl dcs vnisseaux (fio 3) 

Chez ic memo maladc il tallait ,mc dose plus torlo d'adrtnalim’ 
pour amver a imc Iironchodilalalion (aclioii arapl. S) 

L-atropino nous a donnd dcs rdsullals cunoordanls,' La .luso do 
% > .g <lc sulfalc d’alropiao iajccld s„„s p,„„ „ V,. * 

croLon du r5.ll, mo (action p.arasympaUlo-rrd„atriro) ol mic'oxa- 
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Fig. 5, — Xous avons demonlre que Tadrenaline est amph P a pelite dose 
et amph. S a grande dose. L’adrenaline a une action directe S-mimetique 
{riponse cellulaire) qui d^cJenche une riposte cellutaire compensalrice par libe- 
ration d’AChE. II est naturel que plus la concentration des tissus en CACh 
sera elevee, plus la quantite d'AChE liberee cependant la riposte sera grande. 
Une petite dose d’adrenaline declenche une quantity d’AChE dont I’action 
P-mimetiquc depasse I’action directe S-mimetique de I’adrenaline. An fur et 
a mesure que nous nous rapprochons de la dose iso-mimetique, la predominance 
parasympathique est moindre. C’est que faction S-mimetique de f adrenalins 
crctt avec la dose plus vite que son action P-mimetique. La meme dose d'adre- 
naline provoquera la liberation de plus d’AChE dans une cellule qui contient 
plus de precholine. La figure 3 monlie que lorsque la concentration en prScho- 
line est elevee, une dose qui sur un organe norma] est amph S, devient amph P. 

Xous avons deja deceit celte action inversee de I’adrenaline dans fetat de 
paraphylaxie gdndrale (corollaire de I’dtat de phylaxie gdnerale). ' Elle est 
tres nette dans I'dtat de paraphylaxie locale bronchique. 

Xous avons eu des malades atteints d'asthme chez lesquels la dose thera- 
peutique classique d’adrenaline provoquait une tachycardie. (action amph. S) 
et en meme temps exagerait la broncho constrict ion (action amph P)._ Phez 
un sujet normal, il existe certaines differences dans I’action de I’adrenaline 
entre les differents organes. Mais la difference que nous avons trouvee chez les 
aslhmatiques, entre, les bronches d’une part et I’appareil circulatoire def autre, 
est infiniment plus grande. Le fait que- chez le meme sujet la meme dose 
d’adrenaline produit sur les organes normaux une action amph S et silr les 
bronches nne action amph P, ne laisse plus aucun doute sur I’dtat d’hypercon- 
centration locale en precholine qui caracterise I’etat de paraphylaxie locale 
(corollaire de I’etat de phylaxie locale) an niveau des bronches. 
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neration de I’acces d’asthme par bronchoconstriclion (action 
Lph P) Et il faut unc plus grande dose d’atropme pour oblcnir 
une bronchodilatation. La limite entre la dose ampli P ct p-frena- 
trice d’atropme est situee d'autant plus haut que la concentration 
en precholine des tissus est plus elevcc. 

Q „ Si Vanaphylaxic etail spedfique (due a dcs anticorps sensi- 
bilisanis specifiques) I'anlianophylaxie dcorail Hire aussi spccifiqiic. 

Elle devrait n’apparailrc qu’en injcctant I’antigenc correspon- 
dant. Or, nous pouvons realiser cc qu’on appclle anti-ana])hylaxic 
par des moyens non specifiques. 

On soutient, depuis Besredka, quo cc qu’on appclle anti-anapliy- 
laxie est due a I’epuisement dcs anticorps dh a I’injeclion dilc anti- 
anaphylactisantc. Lors de I’iniccUon anti-anapliylactisanlc, I’anti- 
gene specifique s’unit aux anticorps anaphylactisants cl I’anli- 
gene injecte le lendcmam ne trouve plus d’anticoqis anaphylacti- 
sants specifiques grace auxqucls est lihcree ranaphylaloxine.’ 

Kais nous pouvons obtenir Ic plicnomenc d’antianaphylaxic 
avee les melanges d’antigenc anlicorjis in vitro. Nous injcctons fi 
un cobaye ncuf une petite dose de cc melange (incajialde de pro- 
voquer un choc mortel) et le lendeinain unc nouvcllc dose du nieine 
melange qui produit cliez Ic temoin (non inject e la vcillc) un choc 
mortel. Dans coltc experience il ne pent plus etre question d’epui- 
sement des anticorps, qui sc trouvent dans noire melange fait in vitro, 

D’un autre cote, il est prouve quo nous pouvons obtenir le 
phenomene d’anti-anapliylaxie avee la peptone, avee la tuborcu- 
line, avee un autre antigenc quo cclui qui a etc employe pour pre- 
parer I’animal. 

L anti-anaphylaxie nest par consequent pas specifique, cc qui 
serait incomprehensible si nous admettons quo I’anaphylaxic 
est spdcifique et que le phenomene d’anti-anaphylaxic est dft 
a I’epuiscment des anticorps. 

Seule notre conception pout expliquer cetle contradiction qui, 
a elle seule, fait tomber I’idec de I’anaphylaxic spdcifiquc. Et si 
anphylaxie n’est pas. specifique, I’hypothcsc entiere d’une ana- 
phylaxie, provoquee par des anticorps anapliylactisants et consli- 
tuant un etat mdependant ct oppose a I’immunite, lombc 

Void notre explication. 
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Un serum etranger, la tuberculine, la peptone liberent de 
I’acetylclioline, et epuisent la precholine tissulaire. Lors de la 
cleuxieme injection (d’une dose mortelle chez le temoin) la con- 
centration en precholine des tissus est trop faible et la quantite 
d’acetylcholine liberee trop petite pour provoquer un choc evident. 

II s’agit par consequent d’un phenomene anti-paraphylactique, 
car le choc paraphylactique est dh a la liberation d’acetylcholine 
Lorsque noiis employons I’antigene specifique pour provoquer le 
phenomene anti-paraphylactique voici ce qui se produit. II y a 
dans ces cas en meme temps epuisement des anticorps et epuise- 
ment de precholine. La premiere injection (anti-paraphylactisante) 
d’antigene provoque la formation d’un complexe immunisant ou 
phylactique (et non pas un complexe anaphylactique) qui immo- 
Ijilise une partie des anticorps et libere de I’acetylcholine. Mais la 
quantite d’antigene injecte etant trop petite, une partie seulement 
des anticorps est fixe et la quantite d’acetylcholine injectee n’est 
pas suffisante pour provoquer un choc grave. Lorsque nous injec- 
tons le lendemain la deuxieme dose d’antigene, et les anticorps et 
la precholine se trouvent en quantite insuffisante pour d^clencher 
un choc evident. 

Dans ce cas il y a, comme nous I’avons dit plus haut, epuisement 
tant des anticorps que de precholine. Mais I’epuisement de la 
precholine suffit car nous pouvons provoquer le phenomene anti- 
paraphylactique par un facteur acetylcholinergique non specifique. 

Nous n’avons d’ailleurs qu’epuiser la precholine des tissus par 
le jeune ou par la production de fievre pour obtenir le meme phe- 
nomene anti-paraphylactique. 

Une experience tout aussi concluante est celle que nous pouvons 
faire avec la suspension de gelose, dans I’experience de Bordet. Get 
auteur a soutenu qu’une injection intra-veineuse de gelose chez I’ani- 
mal neuf provoque la liberation d’ahaphylatoxine qui produit un 
choc anaphylactique classique. Nous soutenons qu’il n’y a la que 
production d’un choc acetylcholinique, du a Taction acetylcholi- 
nergique de la gelose et qui n’a rien a faire avec Tanaphylaxie. 

Eh bien, nous pouvons, par une injection prealable d’une petite 
quantite de gelose, empecher le choc acetylcholinique d’une dose 
de gelose mortelle chez le temoin. La premiere injection d’une 
petite dose de gelose a libere une certaine quantite d’acetylcholine 
qui a epuise la precholine tissulaire. 
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H. mie des aniicorps pendant Vincubaiion d’unc maladie spccifiquc. 

Js'ous ponvons supprimer Vincubaiion de la maladie spccifique 
en fournissanl a Vorganisme les aniicorps ncccssaircs cn meme iemps 
quo Vaniigcne ci en provoquani de la sorlc un choc paraphijlactique 
aceiylcholiniquc qui declcnchc la maladie spccifique. 

Nous savons que si nous injections a un animal neuf un anti- 
gene melange a du serum d’un autre animal prepard par le meme 
antigene (et par consequent en dtat de phylaxie et de paraphylaxie) 
nous obtenons le choc dit anaphylactiquc. C’est ce qu’on a appeld 
anaphylaxie in viiro et qui n’est cn realitc qu’un phenomcne para- 
phylactique produit a c 61 e d’un phenomenc d’immunite in viiro. 
Le serum de I’animal ainsi prepare contient les anticorps specifi- 
ques (immunisants) qui avec I’antigenc injccle en meme temps 
et I’alexine trouvee dans Torganismc de I’animal neuf injccle avec 
ce melange forment un complexe ph5dactiquc (immunisant) qui 
libere de racel3dcholine, laquolle provoquc Ic choc paraphylactiquc 
acetylcholinique. II s’agit en realitc de la formation d’un com- 
plexe phylactiquc (et non pas d’un complexe anaphjdaclique) 
qui libere de I’acetylcholine. 

Lorsque I’antigcne, injecte en meme temps quo I’anlicorps, a cte 
fixe intdgralement par ce dernier il sc produit un choc paraphy- 
lactique acetylcholinique. Le complexe phylactiquc qui declcnchc 
le choc represente un phenomeiie d’immunite complete. Mais si 
I’antigene n’a pas etc fixe integralcmcnl par J’anticorps et qu’il resle 
une parlie libre, non fixec, il se produit un choc paraphylactiquc 
acetylcholinique suivi dc maladie spdcifiquc. Et c’csl le choc qui 
favorise I’action spccifique de la fraction d’antigene qui rcstc libre. 
C’est ce qui s’est passe dans nos experiences faites avee la toxinc 
diphterique. 

Nous avons dit que les complexes phjdacliqucs formes avee des 
anticorps qui agissent sans alexinc, liberent peu d ’acetylcholine 
a la fois et ne provoquent pas dc choc evident. C’cst Ic cas de 
I’antitoxine diphterique. Un melange dc toxine-antitoxine diplilc- 
rique injectee au cobaye neuf dans la vcine nc produit pas de choc. 

Mais si nous preparons I’animal a I’esdrinc, qui favorise I’intcr- 
ventJon de I’acetylcholine, le choc devient evident. Gicz une seric 
de cobayes eserinises nous injcctons dans la vcine un melange 
neutre de toxine-antitoxine diphterique. Cliez une partic de ccs 
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cobayes il s’est produit un choc paraphylactique acetylcholinique 
(ancien choc anaphylactique) classique, chez les uns mortels. 

Chez line autre partie le choc a ete suivi en quelques minutes 
d’une paralysie du train posterieur. Ce phenomene est specifique 
dans Taction de latoxine diphterique. Mais lorsque nous injec- 
tons la toxine seule, la paralysie du train posterieur apparait 
apres une periode d’incubation qui est necessaife h la production 
des anticorps. Lorsque avec la toxine nous injectons aussi Tanti- 
toxine, la periode d’incubation n’est plus necessaire et le pheno- 
mene specifique apparait sans incubation, favorise par le choc 
paraphylactique acetylcholinique. Cette experience ddmontre d’unc 
maniere evidente que: 

— c’est le choc paraphylactique acetylcholinique qui declenche 
la maladie specifique, 

— Tincubation est necessaire ^ la production des anticorps, sans 
lesquels le complexe phylactique ne peut pas se produire, et non 
plus le choc qui declenche la maladie specifique. . 

II y a dans cette experience un phenomene qu’il faut expliquer. 
Le melange de toxine antitoxine inj’ecte etait un melange neutre. 
Tout Tantigene etait fixe par Tanticorps et il nerestait aucune frac- 
tion d’antigene libre qui puisse provoquer des phenomenes speci- 
fiques. Il est possible que sous Tinfluence du choc paraphjdacti- 
que produit, le complexe toxine-antitoxine ait Iib6r6 une partie de 
la toxine, laquelle a provoque la paralysie du train posterieur. 
Mais ceile paralysie s' est produile sans incubation, ' grdce au choc 
paraphylactique qui I’a declenche. Et ce choc ne pouvait pas se pro- 
duire sans la presence des anlicorps. 

1. — ■ Le debut d’une pneumonie est un choc paraphylactique 
acetylcholinique suivi de phenomenes specifiques (phenomenes d'im- 
muniie incomplete) et la defervescence est un choc paraphylactique 
acetylcholinique pur, non suivi de phenomenes specif iques (phenomene 
d’immunile complete). Etude d’autres infections (fig. 4 et 5). 

Nous avons eu quatre pneumonies tranches et nous pouvons 
decrire exactement le debut et la fin. L’incubation a ete tres 
courte, la plus courte de 6 heures. Le debut commence par une 
liypothermie, un etat de collapsus, bradycardie, pouls filant (hypo- 
tension). Ce sont des phenomenes acetylcholiniques, apres les- 
quels commence le frisson, avec ascension brusque de la tempera- 
ture, leucocytose, tachycardie, point de c6t6, toux seche. Tous 
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/.'[Vj, 4^ — Court’C acdltjlcttoliniqiic dans tine infrclion qui qvrril. Nous prcnons 
rexcmple tl'utic infection f> incubation ilc 8 jours, nvee itiSbul ct Icnuinntson 
asscz rapidcs, avee unc periotic fcitrilc tie M jours, ternUnce par la gucrisoii, 

L’anligiinc provoque pendant rincubalion la fonnallon d'nnlicorps qui sc 
protluiscnl. comme toujours, cn elroUc union avee racclylchotinc: la coutbe 
• acctylcholinique monte. La liberation tie I'acdlyleholine est .asstiree par 
I'aclion acdlylcliolincrgique dc runtiR^ac ct dc Tacldc p-aininobcn/olquc 
Icqucl assure aussi la niuUiplicalion ties microbes. r,or.sque los anlicorps-clioline 
soul arrives dims los tissus ft un tlcRrc tie conccntralion suffisaulc, il so produit 
avee rantigenc qui cst en circulation cl I'iilexinc nil eotnplexe anlipfine-atiti- 
corps-alexinc qui csl accompagnC d'un choc p.arnpbylactique aectylclmlini- 
que. .Mais ce complexe n'a pas fixd tout i’antigerie (fi/idnomine d'tmmitnild 
incomplite) et la panic qui rcstc libre sons I'aclion (aiwrisante (In choc, provn- 
que la maladic spiicifiquc. 

Lcs phcaomfcncs spicifiques consomtnenl ractilyjrliolinc: d’ou lachyciirdie. 
L’autigfiue continue h libiircr dc racctylcholinc ct ii provoquor la forinalion 
ties anlicorps-choline. Vers la flu tie I'infcction la coiirbc acelylelinllnique 
monte (brndycardic relative. Icucop^nlc relative avee mononucl<5aircst en 
mCme temps que la concentration cn anticorps. I.orsque ccs derniers sont 
arrives fi unc concentration suffisantc, il sc prodnit un complexe anligcnc- 
.anlicosps-nlcxino avee choc paraiihylacliquc nciStylcholinique. Cc complexe 
fixe iuldgralcment Vanligtnc {phdnomknc (rimnmnitd complilc), Les pltdno- 
mfenes spiicifiques dlsparaisscut. Au iiionient dc la ddfcrvesccncc cl les pre- 
miers jours dc In convalescence so prodnfsetil dcs phenomtnes dus s\ I’acclyl- 
cholinc libC-r^c pcnd.ant le choc; sucurs profnses, polyurie, hypotension, brady- 
cardie, leucopdnie avee inoiiomicltiaircs ct eosinophilic. 


4 — Ada med, standmao. Vol CXVllI. 
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covn&e Dt LA TeMt'EAAruFE 

COUABf DU POULb 

o ^ o C' n -i o o o a o a n COUFBF AC i C PO I t P^PL/P 

Fig. S. — Courl’e acillijlchoUniqite dans line injection qiii sc (ermine par la 
mart, 

h'xcmplo d’une forme Iiypcrloxiquc tic typhus. Comparer avee la figure 89. 

La courbe act-tylcholiuiquc baisse progressivemeut jusqu'ft la mort, la 
tacbycardie moiilc progrcssivemcnl, la IcucopiJnlc n’nppnraU pa.s, les dosino- 

philcs sonl absents. 

sent des phenomencs specifiques. Lc frisson esl dG an passage de 
I’hypothermie acetylcholiniquc i la fie\TC, qui cst un phenomenc 
specifique. Les phenomencs anatomiques locaux sont des pheno- 
menes specifiques, prepares par la vasodilatation acetylcholiniquc. 
Pendant I’incubation, I’antigcnc (produits bacteriens du pneu- 
mocoque) provoque un etat dc phylaxie et de paraphylaxic. Lors- 
que les anticorps sont arrives 5 unc certaine concentration ils tor- 
ment avec I’antigene qui reste libre un complexe phylactiquc qui nc 
fixe qu’une partie de I’antigene, (phenomene d'immunite incom- 
plete) avec forte liberation d’acetylcholine, qui provoque un choc 
paraphylactique acetylcholiniquc, lequel ddclenche la maladie speci- 
fique (produite par I’antigene reste libre). 

Pendant sept Jours le pouls est tachycardique (consommation 
d’acetylcholine par les phenomencs specifiques). Pendant ce temps 
I’antigene continue son action acetyl-cliolinergique et la pro- 
duction d’anticorps-choline. Vers le 7-eme jour, a un moment oil la 
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concentration en anticorps-cholinc est arrivcc a un degrd suffisant, 
ils fixent integralement rantigene rcste lilire ct fonnent un com- 
plexe phylactique (plienomcne d’immunite complete) avec choc 
parapliylactiquc acetylcliolinique pur. L’hypoUicrmie. Ics sucurs 
profuses, la leucopenic avec mononucicosc ct (iosinoplulie, la brady- 
cardie, I’hypersecretjon urinairc sont des phdnomcncs acctylclioli- 

niques. , . , 

Nous avons etudie la niarchc dc la courbe acetylcliolinique par 
noire epreuve de I’atropinc et dc rorthostatisme dans le iyphus 
cxanlhemaiiquc, maladic oii Ic ddbut ct la fin sont moins brusques 
que dans unc pneumonic ct dans la fievre typhoidc on Ic dclnil est 
progressif et la defervescence cn lysis. 

Dans le typhus exanthematique rhypcrlhermic maxima met 36 
a 48 heurcs pour sc produire et la defervescence se fait aussi plus 
lentement en 24 — ^18 hcurcs. Lcs phcnomencs dc choc dii ddbul et 
de la fin sont moins nets. Ils sont beaucoup moins nets dans la 
fievre typhoidc cu le debut ct la fin sc produiscnl progressivement. 
Mais dans toulcs Ics maladies infccticuscs il s’agit dc phcnomencs 
paraphylactiqucs, cons<Jcutifs h la formation de complexes pliylac- 
tiques, ct declenchant lcs phcnomencs spccifiques. 

La periodc amphibolc qui apparail souvent dans la ficNTc 
t 59 lioIde est tres intcrcssantc. En comparant lcs phcnomencs quo 
presenle le malade Ic matin (hypolhermie, bradycardic, etc) et 
le soir (ascension llicrmique, lachycardie), nous avons rimpres- 
sion d’une seric dc chocs paraphylactiqucs produils quolidicnne- 
ment suivis de piuinomencs specifiques qui ont lour maximum vers 
le soir. Lcs complexes phylacliqucs, qui donnent naissance a ces 


chocs repr&cntcnt des pluinomencs d’immunile incomjilele, dams 
lesquels imc parlic sculcmcnt dc rantigene ct fixee, le rcstc dc cot 


antigenc produisant lcs phcnomencs spc’cifiqucs. A mesurc que 
les anticorps augmentent cn concentration lcs phcnomencs d‘im- 
munite deviennent de plus cn plus complcls et lorsque font I’anli- 
gene a et(i fixe ct rendu inoffensif sc prodnil rapyrexie, 

Dans toulcs les maladies infccticuscs nous rencontrons par 
consequent au debut ct h la fin, certains phcnomencs semblables, 
ceux qui sont produits par I’acclylcholinc, liheres pendant les 
phenomenc: d’immunite incomplete, anxqucls s’ajoulcnt des svmp- 
tomes sp&ifiques <lus a I'actio,, dc |•o„liBcnc qui n'n pa^ p„ 
clrc fixe ct qui cxcrcc .son action & la favciir rtu clioc paraphylac- 
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tique. Tout naturellement ces phenomenes sont differenls d’une 
maladie a I’autre. 

Le fait se remarque surtout en etudiant les manifestations loca- 
les de cliaque maladie. Le debut d’une scarlatine, ou d’une rougeole 
est declenche par un phenomene d’immunitd incomplete et un 
cho'c paraphylactique acetylcholinique, L’acetylclioline, par son 
action vasodilatatrice prepare le terrain, pour la lesion specifique. 
Dans les trois maladies nous rencontrons cctte vasodilatation gene- 
rale, mais I’exantheme qui apparait ensuite sur ce fond de vasodila- 
tation est different car il s’ajoute Taction specifique de Tantigene 
qui naturellement est differente suivant Tagent microbien. La 
meme vasodilatation acetylcholinique sc produit aussi au debut 
de la maladie du serum, mais Texantheme serique est tout special, 
different de Texantheme rougcoleux ou scarlatineux, car il s’ajoute 
Taction specifique de Tantigene. La vasodilatation acetylcholi- 
nique initiale explique les phenomenes congestifs locaux qui se pro- 
duisent si rapidement dans une pneumonic, mais la lesion prend 
ensuite un caractere specifique par Taction specifique de Tantigene 
pneumococcique. Dans les congestions pulmonaircs de la maladie 
du serum, il ne manque pas non plus la vasodilatation acetylcholi- 
nique initiale, mais il s’ajoute Taction specifique de Tantigene 
qui donne a la lesion des caracteres tout differents de la lesion 
pneumonique. 

I. — Accidents produits cbez I’homme par un serum etrangcr. 

Les accidents produits par un serum etranger chez un sujet qui 
n’avait jamais regu d’injection du meme antigene est un choc ace- 
tylcholinique pur (hypothermic, bradycardic, hypotension) qui 
n’a rien a faire avec Timmunitc ou avec la paraphylaxie. La mala- 
die du serum qui apparait 8 a 12 jours apres une seule injection de 
serum etranger est une maladie specifique declenchee par un choc 
paraphylactique acetylcholinique (phenomene d'immuniie incom- 
plete). Nous trouverons tout naturellement au debut des pheno- 
mencs acetylcholiniques qui ressemblent a ceux produits par tout 
choc paraphylactique suivis de phenomenes specjfiques provoques 
par Taction specifique du serum et qu’aucim autre antigene n’est 
capable de produire. La bradycardic, Thypotension initiale, la 
tendance au collapsus, la leucopenie avec mononucleose et eosino- 
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philie sont des plienomcnes acelylcholiniques, alors que Ics pheno- 
menes cutanes, articulaires et nevriliques, I’a.scension IhermJquc 
secondaire sont des phenomencs apparlenant k la maladie speci- 
fique. Grace au caractere spccifique dc ccs plienomcnes I’exan- 
theme seriqiie se differcncic neUemenl des exanth ernes des mala- 
dies eniptives. 


J. Lc choc dii anaphijladiqm n'csl pas an choc histaminiquc. U his- 
tamine pent intervenir a Hire sccondoirc, sarloul dans certains tissiis. 

n y a des differences capilales enlre lc choc parapliylaclique 
acetylclioJiniqiic cl lc choc histaminiquc. 

Lc premier est cmpeclic par I’alropine, par unc injection de 
glucose, par Ic jeunc ct par unc premiere injeclion d’une pclile dose 
du meme anligenc (Marlrou), lc second n’csl pas enqieche ni par 
I’atropine, ni par lc glucose ni par lc jcfinc. El nne petite dose 
d’histamine ne prcmunil pas conlre une dose mortclic dc la memo 
substance. 

Nous avons fail Ji cc sujcl une experience qui ne laissc plus 
aucun doutc que le choc dit anaphylactiquc n’osl pas histamini- 
quc. 

Nous prenons un certain nomhre dc cohayes inocules depuis 15 
jours avee du serum de clicval ct qui sont par consequent on etat 
de parapliylaxie ct nous Ics partageons en quatre lots. 

Le premier lot recoil dans la veinc ime tres petite dose du meinc 
antigene (qui ne produil pas un choc morlel) cl le londcmain tou- 
jours dans la veinc unc dose qui chc7. Ics temoins (cohayes cn etat 
de paraphyla.xie mais n’ayant pas etc injcctes la vcilie) est mortellc. 
Aucun ne meurt, 

Le .second lot est injeetd avee unc petite dose d’anligene ct Ic 
Jendemain avee unc dose d’hislaniinc qui est morlclle chc/. lc 
lemoin. Tons mcurenl, 

Le troisiemc lot e.sl injccle avee une petite dose non mortellc 
d’hislaminc ct lc lendemain avee unc dose de sC‘ruin, mortellc chc?. 
les temoins, Tous mcurenl. 

Lc quatrieme lotcsl injccle avee unc petite dose d’histaminc 
ct le lendemam avee unc dose mortellc d’hislnmine. Tous meuront. 

Amsi done, seuleincnt le mOmc antigene prcmunil conlre. lc 
choc. L’lnstaminc ne prcmunil pa.s contre le choc, parapliylactique, 
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ni I’antigene centre le choc histaminique, ni Thistainine centre le 
choc histaminique. 

Le phenomene produit dans le premier lot est appele anti-ana- 
phylaxie et interprets par une consommation des anticorps lors de 
la premiere injection dite anti-anaphylactique. Mais elle se pro- 
duit aussi lorsque chez le cobaye neuf, nous injectons le premier 
Jour un melange d’antigene et d’anticorps et le lendemain le meme 
melange (Bordet). II ne peut. pas dans ce cas y avoir de .consom- 
mation d’anticorps, car ces demiers sont injectes par nous. 

Le phenomene dit anti-anaphylactique s’explique en grande 
partie par une consommation de precholine lors de la premiere 
injection. C’est ce que nous avons appele phenomene de dccholini- 
salion tissulaire. Nous I’avons d’ailleurs produit avee n’importe 
quel facteur acetjdcholinique. Une dose d’agar-agar incapable de 
provoquer un choc mortel premunit contre nne dose mortelle in- 
jectee le lendemain. L’effet produit dans le premier lot de cobayes 
s’explique par le phenomene de decholinisation tissulaire produite 
par la premiere injection. L’antigene injecte le lendemain trouve 
dans les tissus une source de precholine appauvrie et la quantite 
d’acetylclmline liberee n’est pas suffisante pour provoquer le choc 
mortel. 

Dans le troisieme lot I’histamine injectee la veille ne premunit 
pas contre le choc, car cette substance ne decholinise pas les tissus. 
Dans le deuxieme lot I’histamine produit la mort car elle n’a pas 
besoin d’ acetylcholine pour agir, 

Les auteurs qui soutiennent la nature histaminique du choc ont 
apporte comme argument le fait que le choc peut etre attenue par 
des substances appelees histaminolytiques, comme le 933 F. Mais 
il ne faut pas oublier que ces substances ne sont pas anti-histamini- 
ques, mais agissent sur la cellule dont elles modifient le protoplasme 
et I’empeche de reagir non seulement a I’histamine, mais aussi a 
la sympathine et I’acetylcholine. C’est ce que nous avons demon- 
tre pour les substances 883 F et 933 F. 

Nous avons demontre que I’histamine Joue un certain r61e 
dans le choc paraphylactique acetylcholiniquc, mais ce r61e est 
secondaire. L’ acetylcholine est excitatrice pour la grande majorite 
des organes de I’economie (tube digestif, muscles bronchiques, 
canaux urinaires et biliaires, toutes les glandes) et augmente aussi 
le tonus de I’enorme masse de la musculature volontaire. Tousces 
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organes augmentent leur fonclionncmcnt pendant Ic choc paraphy- 
lactique acetylcholinique. Or, toutc augmentation du travail des 
organes amene une hyperproduction dc metabolites, done I’hisla- 
mine. 11 y a par consequent h 5 'pcrproduction d’Jiistaminc. D’un 
autre c6te I’liistaminc est un excitant dc la terminaison sensitive et 
provoque par voic reflexe une hypcractivitc des organes, avee 
liyperproduction d’ac6tylchoIinc. Enfin riiislaminc provoque la 
formation d’axon-reflexes a travers Ics collatcralcs sensitives qui 
liberent aussi de riiistaminc. Mats Ic primum movens est Thyper- 
production d’acetylcholinc. 

Dans Ics tissus non innerves par le Systeme nerveux vegetalif 
comme les tissus propres dc la pcau ct des muqucuscs (culi-reaclion, 
urticairc, ophtalmorcaclion) riustaminc jouc. un role important. 
Nous n’avons pu qu'altenuer ccs phcnornencs par Talropine. Nous 
croyons quo 15 encore le premier phenomcnc qui .sc produit est 
line acdtylcholinogcncse qui se passe dans les vaisscaux, avee 
histaniinogdnesc secondairc. 



Acta Medica Scandinavica. Vol. CXVIII, fasc. I— III, 1944. 


(From the Psychiatric Department of the Rigshospital, Copenhagen. 
Chief: Professor H. Hehveg M. D.) 


The Type of Respiration in Severe Hypoglycemia. 

By 

KNUD LUNDB/EK. 

(Submitted for publication April 28, 1944.) 


Following the discovciy of insulin, investigators and clinicians 
verj’’ soon became acquainted with the picture of the intoxication, 
the hj'poglyccmic syndrome. It differs somewhat in the different 
animal species. In man the chief sjmiptoms luiOAvn are perspira- 
tion, trembling, hunger, palpitation, headache, diplopia, somno- 
lence, clouded sensorium to deep coma, sometimes with conwil- 
sions. All these sj^mptoms arc easily observable by the affected 
subject himself or by his entourage. There is, however, another 
symptom to -which little attention has been paid: during severe 
hypoglycemia the respiration exhibits cliaracterislic changes. 

That abnormalities of respiration occur following administra- 
tion of insulin to animals was already obseiAmd in the first investi- 
gations on the effect of insulin (Banting, Best, Collip, Macleod & 
Noble, 1922). These authors noticed that after administration of 
insulin to rabbits Drapid shallow breathing of a periodic charactcri) 
was often seen. In dogs tachypnea is at first observed, during the 
later action of the insulin the respiration was described as follows: 
»Inspiration is usually short and jerky, and inspiratory tetanus 
not infrequent)) (Macleod, 1926). In man such symptoms do not 
as a rule Seem to have been ol)Scrvcd. Tlie first reports on the 
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symptoms of insulin poisoning in man (Fletcher & Campbell, 
1922; Bornstein & Holm, 1924) do not mention respirator}' chan- 
aes. In I^lacleod's monograph of 1926 on the effect of insulin, 
changes in the respiration of rabbits and dogs are mentioned, but 
no abnormal respiration is reported to have occurred upon admi- 
nistration of insulin to human subjects. AVilder (1910) yTites about 
the respiration: »in subcoma the respirations are frequently noiS}' 
and Stertorous, in deeper coma they often arc so shallow that Uie 
patient Scarcely seems to breathcft — but he gives no description 
of the t}pe of respiration. Joslin et al (19-10) expressly stale as a 
differentiating s>'mptom between diabetic coma and insulin reac- 
tion: »Coma: air-hunger. — ■ Insulin reaction: normal re.spiralion.o 
In spontaneous lopoglyccmia, caused for instance by an insulinoma 
in which the patient has often been troubled by frcquenl, severe, 
and protracted attacks before the case has been diagnosed and 
treatment instituted, the peculiar tj'pe of respiration might have 
been expected to have been striking. This, however, has not been 
the ease. In the first descriptions of spontaneous Inqioglyccmia 
(Harris, 1924); in the first very careful description of an operated 
case of insulinoma (Wilder, Allan, Power Robertson, 1927); in 
Oppenheimer’s accurate description of ncrv'ons and })sychic .syni))- 
toms in li 3 pog]yccmia (1927); and in large general surveys sucli as 
Wauchope’s (1933) the l^q^ical respiration is not mentioned. The 
latter author says: Drespirator}' symptoms are not important, 
dyspnea sometimes occurs and occasionally l)rad\q)nea . . ,k Onlv 
one author seems to have noticed the abnormal form of respira- 
tion. Wadi (1928) in a brief report of a ease of Morbus .-Vddisonti 
with hypoglycemic symptoms describes the changes in re.spiralion 
as follows: »Die Almung ist tief und Schwer, von plotzlichen Pausen 
unterhrochen, und mil cinem Scufzen cinlcilender Wiederauf- 
nahme dcr Atcmhewegungen.» 


Author's oOscrvalions. 

In insulin shock treatment the respiratory symptoms in hyiio- 
glycemia are so conspicuous that they may entirely dominate 
ic toxic picture. In connection with a series of metabolic invos- 

low flT^i 19^4),- tbe respiration was in some eases fol- 

lowed into the stages not suitable for taking air samples, and it was 
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thus possible to register the changes in the respiration at the tran- 
sition to deep coma. 

In the sequel a detailed account will be given of such a tj-pical 
respiration curve from a single person as well as; examples of respi- 
ration curv'cs from a number of other persons in increasing degrees 
of insulin poisoning (Figs, 1 — 10). The figures show at lop the venti- 
lation (per 10 1), then tlie registration of minutes. Of the two respi- 
ration cuiwcs the upper one AVas taken AVith a thorax pneumograph 
(inspiration, line running doAviiAS'ard; exspiration, line running 
upAA’ard). Tiie loAA'er one registers the changes in the ventilation 
chamber of tlie respiration mouthpiece (inspiration, teeth turning 
doAA'nAA'ard, exspiration, teeth turning upAA-ard). — At bottom, re- 
gistration of the moA^ements of the bed. 

Respiration curves. 

1) F. K. — 2 liours after injection of 120 units. 

(For the sake of clarity the curve is divided into random periods.) 

I. The deptii of respiration A'aries irregularly. In the middle of 
the period a quite small post-exspirator^' plateau AVith a rudimen- 
tary inspiration, possibly abdominal (a). ToAVards the close a jerky 
exspiration (1)). 

II. Depth of respiration varying, AA'ith a hint of Cheyne-Stokes 
periodicity. The terminating respirations are abdominal — insig- 
nificant deflections of the thorax pneumograph (c). 

III. In the middle of the period a jerky exspiration (d). , 

IV. In the middle of the period a long post-expiratory apneic 
period of 7 Seconds (e) — a little later a small irregular post-expira- 
tory plateau in the thorax cur\'c, rudimentary respiration in the 
pressure cursm (f). Similar plateau ultimately AA'ith more pronoun- 
ced (abdominal) inspiration in the pressure curAm (g). 

V. At first irregular post-expiratory plateau in the thorax 
curve AA'ith Iaa'o AA'hole abdominal respirations in the pressure curve 
(h). 

VI. 2 post-expiratory pauses AVith small riidimentar\’ respira- 
tion phases (i.k.). 

VII. At first a long jerky exspiration of 14 seconds (1), then 

a couple of deep respirations folloAved by a post-expiratory pause 
of 13 seconds (m), again some deep respirations, and another poSi- 
expiratory pause of 1 1 seconds (n). ' . , 
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Fig. 


the type of RESPIKATlOPi IN SEVERE HYTOGEYCEMIA. 

'—10: Type of Respiration in varying degrees of hypo- 
glycemia. (For description, see text). 
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-A. 

TO 


Altogether, then, the I’cspiration shows: var^nng depth, var^'ing 
thoracic and abdominal respiration, jerky exspirations of up to 14 
seconds, post-expiratorj’ apnea periods of up to 13 seconds, wth 
rudimentary, sometimes abdominal inspirations. 

2) E. G. — 2 14 hours after injection of 40 units. 

Slightly varying respiration of constantly changing t;>'pc. Mild 
case. 

3) H. J. — 2 % hours after injection of 264 units. 

Constantly changing depth of respiration. Slight changes. 

4) 1\I. A. — 2 ^ hours after injection of 24 units. 

Varying depth and type of respiration and small post-inspir- 
atory pauses. Thorax curve poor. 

5) F. K. — 2 hours after injection of 200 units. 

Varying respiration with post-expiratory and post-inspiratory 
pauses. At first only thorax pneumograph: without mouthpiece, 
too, quite the same changes arc seen. 

6) H. J. — 3 hours after injection of 264 units. 

Fluctuating depth of respiration and post-expiratory pauses 

during which the thorax moves with closed glottis. More pro- 
nounced changes. 
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■7) A. H. — 3 ^4 hours after injection of 84 units. 

Irreaularly varying depth of respiration. Post-inspiratory and 
post-expiratory pauses, during which the thorax moves vigorous y 
with closed glottis. 

g\ pp 31 ^ hours after injection of 104 units. 

At first fairly regular respiration followed by a post-inspiratory 
pause. After this, irregular respiration passing gradually into a 
regular t>pc. In the middle of the period again a very long post- 
inspiratory apneic period, of % minute in all, in the middle inter- 
rupted by a brief rapid respiration. After the pause half a score of 
very vigorous respirations followed by iresh brief post-expii atory 
and post-inspiratory pauses. 

9 ) A. H. — 3 % hours after injection of 80 units. 

At first constantly changing t:^pe of the single respirations. 
Gradually longer pauses with quite small rudimentary deflections 
in both curves. In the middle of the period a scries of jerky exspi- 
rations. Towards the close, steadily increasing post-expiratoiy 
and post-inspiratory pauses during which the thorax moves with 
closed glottis. 

10) H. .1, — 3 t /2 hours after injection of 168 units. 

Constant alternation of extreme respiration movements and 

pauses of up to 25 seconds during which small rudimentary move- 
ments are seen on the pressure curve. Very pronounced case. 

From the examples given above it appears that during severe 
hypoglycemia verging on coma characteristic abnormalities of re- 
spiration occur, manifesting themselves in 1 ) varying tyqoes of the 
individual respirations, 2 ) varying depth of respiration, 3 ) long 
jerky exspirations and 4) post-inspiratory' and postexpiratory 
apneic pauses. During the apncic pauses rudimentary abdominal 
respirations' are seen in some cases, in other cases the thorax moves 
vigorously while the glottis is closed. 

In pronounced cases tlie typie of respiration described is veiy 
striking and easily recognisable. The patient who is as a rule damp 
and flushed,, moves restlessly in bed with stertorous breathing. 
Deep inspirations alternate abruptly witli Jong pauses during which 
the thorax IS obsemd to work violently and which quite suddenly 
ermmate m a senes of deep respirations. The long jerky cxliaJa- 
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tions are. often accompanied by a vigorous intonation. .To tiiis 
peculiar picture is often added compulsive ^veep^ng or laughter, 
grimacing, pouting lips, gnashing of the teeth, atternpts to whistle 
and the like. 

The type of respiration here described is seen during heavy 
insulin intoxication, often just before the patient passes into 
deep coma. In this period there are rharked psychic disturbances. 
The patients seem unconscious, but can generally be roused to 
fairly' clear consciousness When spoken to. They are, ho^Yeve^, 
extremely confused and often give inadequate answers, just as 
their speech itself is marked by' aphasia. In some cases the type 
of respiration described is seen while the patient still seems fairly 
unaffected in a psychic respect. In such cases it is very curious to 
observe changes in respiration such as those described, with long 
apneic pauses, occur in the middle of relatively intelligible talk. 
The patients do not themselves seem to notice their peculiar 
respiration, and do not understand if you try to discuss it with them. 

\\nien the patient passes into deep coma the respiration often 
becomes more even, shallow, and rapid. During deep coma too 
there may', however, again occur irregular respiration. This is 
especially seen if ymu try' to introduce the mouthpiece, put a clip 
on the nose, or introduce the stomach tube or the like. The respi- 
ration then often reverts to the above described type. After admi- 
nistration of glucose a new phase will in many cases set in before the 
patient is entirely awake, in which the respiration show's the charac- 
teristics described. 

The Pathogenesis of the Hypoglycemic Type of Respiration, 

The type of respiration here described is part of the severe 
effect on the central nervous system caused by hypoglycemia. 
Since the central nervous system is know'n to oxydize carbohydrate 
only (Himwich & Nahum, 1932), a hypoglycemic state must be 
expected to have an elective effect on this tissue which, apart from 
its own small glycogen store (ICerr & GhantuS, 1936), must resort 
to nourishment from the blood stream. Investigations by' Him- 
w'ich, Bow'man, Wortis & Fazekas (1939) have shown that hypo- 
glycemia involves a greatly' decreased absorption of oxygen by the 
brain tissue, so that in reality there is a hypo-oxidation due to a 
lack of suitable matter for combustion. 
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Numerous earlier investigations have shown that there exists 
a central nervous regulation of the respiration issuing from an auto- 
matic »respiratory centrcD (Cordier & Heymans, 1935. — Detailed 

historical survey). . - 

The modern conception of the nervous regulation of the 

respiration, however, takes its rise from Lumsden’s researches 
(1923). He Showed in animal experiments that cutting of the 
brainstem through the pons gave rise to a peculiar type of respira- 
tion which he called sapneustic respiratiomij after a deep inspiration 
there occurs an apnea lasting 2—3 minutes in the maximal position 
of inspiration, which is replaced by a rapid expiration and a fresh 
•maximal inspiration with postinspiratory apnea, etc. By cutting 
further down at the level of the' striae acusticac he observed another 
form of respiration, the so-called ftgasping respiration». In this 
tjpe respiration consists in a series of gasps with long post-expi- 
ratory pauses. 

In 1939 Pitts, Magoun & Hanson performed e.xpcriments by 
using Horsley-CIarke’s stereotaxic instrument. With this techni- 
que they were able to localize two respiratory centres in the medulla 
oblongata, an inspiratory centre in the formatio reticularis on a 
level with the ceplialic four-fifths of the nucleus olivarius inferior 
and an expiratory centre just dorsally to this. From the inspira- 
tor}' centre it was possible to release tj'pical apneuslic respirations of 
arbitrary duration. The authors think it quite possible that there 
may be a higher-lying pneumotaxic centre governing the two 
above-mentioned centres. 

Besides by stimulation of medullary centres it has often pre- 
viously been shown tliat stimulation of other parts of the cere- 
brum can affect the respiration. With a modern technique Smith 
(1938) and Bailey & Sweet (1940) showed that stimulation of the 
premotor zone led to changes in the respiration frequency. Hanson 
& Magoun (1933) and Hanson, Kabat & Magoun (1935) showed 
that stimulation of the hypothalamus caused increased depth and 
frequency of respiration. 

Even general influences may give rise to abnormalities of respi- 
ration that recall Lumsden’s ty'pes: gradual ligation of the blood 
vessels to tbe cerebrum (Lumsden, 1923); subacute hydrocyanic 
poisoning (Taylor, 1930); and CO, poisoning (Barcroft, 

^ — Ada mcd. scandinav, Vol. CXVlll, 
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In human pathology abnormal respiration often occur, in 
various cases of poisoning, abnormalities of respiration have been 
described in the form of Cheyne-Stokes respiration, irregular 
respiration with apneic pauses, violent exspirations etc. This applies 
e.g. to certain phases of barbituric acid, chloral, morphin and car- 
bon monoxide poisoning (Levan, 1929). Tumors in the pons, 
medulla oblongata, and the fourth ventricle are said to have caused 
disturbances in the frequency and rhythm of respiration (Brain, 
1933). In chronic encephalitis abnormalities of respiration occur 
now and again which are highly reminiscent of those found in 
hypoglycemia (Turner & Critchley, 1925). 

As Awll appear from this, abnormal forms of respiration re- 
sembling the above-described type of respiration in hypoglycemia 
can be produced in animal experiments and are met wath in the 
clinic in local injuries to the central nervous system or in general 
disturbances of its function. As far as part of the general disorders 
are concerned Ave are evidently confronted with the Sequelae of a 
hypooxidation. (Ligation experiments, hydrocyanic acid poisoning, 
carbon monoxide poisoning etc.). 

Since, as already mentioned, such a reduction in the oxidation 
of the brain also occurs in hypoglycemia, it is only natural that the 
resulting abnormalities of respiration should resemble those de- 
scribed in other general influences. In spite of the fundamental 
resemblance — irregular respiration with apneic pauses and varying 
depth of respiration — it will be seen that none of the above-de- 
scribed experimentally produced respiration types absolutely con- 
form to the hypoglycemic type of respiration. A pure apneustic 
form of respiration is not observed in hy'poglycemia, and of sgas- 
ping» respiration there is merely a Suggestion in Severe cases. 

This lack of conformity may possibly be due to the special con- 
ditions in the hypoglycemic hypo-oxidation. The small glycogen 
store of the brain which is very stable in regard to other normally 
occurring actions Such as carbohydrate withdrawal, is known to be 
used up during the action of insulin (ICerr & Ghantus, 1936). At 
the same time as the supply of glucose through the bloodstream 
is reduced to a minimum, an »abnormal» combustion of this store 
of glycogen takes place. It is possible that this factor is of im- 
portance for the special abnormalities in hypoglycemia. 



THE TYPE OF nESFinATlON IN SEVERE HVrOCEYCEMU. (j I 

Diagnostic Significance. 

The tj’pc 0^ respiration liere described may be of importance, 
for the diagnosis of hypoglycemic states. In making the diagnosis, 
horvever, the previously mentioned abnormal forms of respiration 
in other conditions must be taken into account. This applies espe- 
cially to certain forms of poisoning, brain tumor, and chronic en- 
cephalitis. 

The type of respiration in hypogb'cemia may especially, be 
assumed to become significant in the differential diagnosis between 
diabetic coma and insulin reaction. This diagnosis, though gener- 
ally easy, may at first sight cause difficulties in certain' cases. The 
occurrence of a form of respiration such as the above-described will 
in doubtful cases strongly favour a hypoglycemic stale. The 
negative finding does not exclude that hypoglycemia may' be pre- 
sent. Partly the above-described type of respiration is not pro- 
nounced in all cases, partly, as previously stated, it only occurs in a 
certain phase of the hypoglycemia. 

In the diagnosis of diabetic coma stress is laid on the acidotic 
respiration, Kussmaul’s respiration. The type of respiration de- 
scribed above is in reality just as )icharacteristic» of hypoglycemia, 
as Kussmaul’s respiration is of diabetic coma — in none of these 
cases the abnormalities are specific. 


Summary. 

A description is given of a characteristic type of respiration 
which occurs during severe hypoglycemia and whicli it has been 
possible to register in connection with metabolic experiments. This 
type of breathing is characterised hy the occurrence of varydng 
depth of respiration, jerky c.xspirations and post-inspiratory and 
post-expiratory pauses. The pathogenesis of this form of respira- 
tion is discussed. It is empared with other forms of abnormal 
raspiration m animal experiments and in the clinic. Tlic conclusion 
is drawn that it is due to a general hypo-oxidation in the cerebrum 
possibly of a special kind owing to the special conditions in j.yoio- 
fted ^ this type of respira^n 
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(Ce travail est parvenu a la redaction Ic 31 Mars 1944). 


T. 

Est-ce-que la sideropenic est un phenomene ordinaire 

dans la vieillesse? 

Notre interet pour la circulation du fer dans Torganisme a pen- 
dant CCS dernieres annees augmentc dc plus en plus. Dcs recherches 
trfe interessantes et donnant des aspects nouveaux ont etc faites, 
entre autres, a ce sujet par les docleurs suedois Vahlquist et Wal- 
denstrom. Ce dernier a montre le rapport entre les changements 
dans Pepithelium et les variations dans la circulation du fer. 

Pendant ces dernieres annees mon attention a ct6 portec sur 
certaines sortes d’ulceres chroniques aux jambes chez les vieilles 
personnes. J’ai remarque dans ces rcclierclics qu’il est ntJeessaire 
de se faire une id4e sur le fer du serum chez les vieillards, car on ne 
pouvait pas & priori croire que la teneur du for chez les vieillards 
bien portants etait la meme que chez les personnes bien porlantes 
qui n’ont pas encore atteint la vieillesse. J’ai constate d6jh an 
commencement de mes examens des malades attcints d’ulcercs 
aux jambes que certains cas avaient des cliiffres rcmarquablc- 
ment has meme sans anemic et cela a fait que j’ai voulu cliercher 



70 


STEN ECKEUSTIVOM. 


un mateiiel cle controle chez les vieillards. Ce materiel a ete clioisi 
pendant ces deux dernieres annees parmi la clientele de I’hopital 
Vasa k Gothembourg. II ne semble peut-etre pas tres reussi de 
cbercber un. tel materiel de controle dans un bopital au lieu de la 
cbercber par exemple dans un bospice. Cependant si Ton pense 
que le materiel de controle doit etre I’objet d’un bon nombre de 
recbercbes pour exclure des maladies latentes possibles parmi 
ces vieillards on comprend facilement que le materiel de I’bopital 
est le seul convenable. Nous avons decide, mes internes et moi, de 
faire nos recbercbes sur des personnes de plus de 70 ans; Le mate- 
riel devait remplir les conditions suivantes: les malades ne devai- 
ent avoir aucune maladie contagieuse, ni n’en avoir eu pendant 
les deux demiers mois. Ils ne devaient pas non plus avoir des 
symptomes de maladie de foie, de maladie du sang ou de tumeur, 
en cours au moment de I’examen ou nouvellement guerie. Ils de- 
vaient avoir une composition du sang normale, une norniale reac- 
tion de la sedimentation et une reaction de Wasserman negative, 
et ils ne devaient pas avoir eu une diete pauvre en fer. II n’etait 
pas facile de trouver parmi le materiel de I’bopital des cas remplis- 
sant ces exigences. Les cas cboisis ont ete minutieusement exami- 
nes et on a fait specialement attention aux conditions pr;cedem- 
ment nommees. De decembre 1941 a novembre 1943 100 cas (50 
hommes, 50 femmes) on ete acceptes pour les recbercbes en ques- 
tion. Dans les anamneses nous avons surtout pense aux symp- 
tomes cliniques de la sideropenic et les cas qui ont donne lieu au 
moindre soup^on a cet egard ont ete exclus. 

En ce qui concerne ce smateriel normal# de vieillards je n'ai 
pas trouve qu’on a constate dans quelles limites les valeurs d’bemo- 
globine et de globules rouges peuvent varier, mais ce sujet est 
I’objet dc recbercbes speciales, dont nous ne nous occuperons pas 
ici. D’apres ce que je sais il n’y a pas de donnees sur la valeur nor- 
male cbez les vieillards. 

Les cas qui ont ete pris dans le materiel sont ou ont ete admis 
a I’bopital exclusivement pour des maladies de vieillesse; une forme 
quelconque d’arteriosclerose (a. cerebrale, a. du coeur sans insuf- 
fisance cardiaque, suites apres des lesions ciSrebrales), ^^eillcs frac- 
tures du col du femur, cas benins de diabete, bypertrophie de la 
prostate, artbritc deformante de labanebe et de la colonne verte- 
brale. 
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L’age des personnes examinees a varie de 70 a 94 ans et est 
reparti comme suit; 


70—75 ans 
76—80 » 
61 — 

86—90 !) 
apres 90 » 


29 cas ont ete examines 

27 cas ft ft » 

33 cas » » » 

6 cas i) ft ft 

5 cas » » ft 


L’examen du sang a etc fait sur les vieillards a jeun et I’liemoglo- 
bine a etc determine avec un appareil de Sabli standardise (le 
standard de Haden 100 % = 15.6 g d’hemoglobine). Les cxamens 
du fer du serum onl ete faits au laboratoire de I’bSpital de Sabl- 
gren, dont le cbef, le professeur Jorgcn Lebmann a montre iin 
grand interet et a ete pour inoi d’une grande aide, Dans des cas 
speciaux, surtout ceux avec un y % tres has de fer du serum, on a 
fait des examens pour conlrole 5 des intcrvallcs plus ou nioins 
longs. La methode employee par le professeur Lebmann est cclle 
. de Brdebner-Mortensen (Dans certains cas des examens ont ete 
parail element faits par la methode Heilmeycr). 

La composition du sang ebez les 100 cas cboisis a variee ainsi: 
cbez les femmes rhemoglobinc est roslee dans les limilcs de 75 5 
94 % et cbez les bommes entre SO ct 100 %. Les globules rouges 
du sang cbez les femmes ont varie entre 4.00 a 5.00 millions et 
cbez les bommes entre 4.10 a 5.10 millions. La reaction de la 
sedimentation est restee dans tons les cas dans les limilcs nor- 
males. La reaction de Wassermann a 6te negative dans tous 
les cas. 

La distribution des valeurs du for du serum csl montrec par deux 
courbes, ou la valeur de rhemoglobinc dans ebaque cas examine 
est marquee, 

Comme on voit la valeur du fer du serum csl beaucoup plus basse 
cbez les femmes que cbez les bommes. La comparaison des valeurs 
du fer du serum cbez les vieillards dans mon materiel, avec la 
valeur, donnee comme noimale cbez les adultes (d’apres Vabl- 
quist 1941) se voit dans la table IL Comme valeur normalc pour les 
Eue Hards, de plus de 70 ans, on a Irouve pour les femmes une valeur 

du fer du serum du S3.0 ± 4.57 y ct pour les bommes 108 5 -e 
4.S9y%. ' 
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Table H. 

. f.r ,lu sdrum (valci^r aotmak) clicj: Ics aduUcs (d’aprts Vnbl- 
LC vaieurs <1» ■ r '«"> J 


Valeur normaie, 
aduUe 

Valeur inoj'cnnc 

Valeur nonnalc, 
vicillard 

\'alcur nioycmic 

Femme 26 — 182 y% 
Homme So — 191 V % 

103.5i2.o y % 
122.7±2.2y % 

30—171 "/ % 
40—196 % 

of).6i-i.r>7 y % 
108.5^-1.89 7' % 


Nous trouvons done chez Ic vicillard ct dcs valours moyennes 
plus basses chez ies deux sexes, ct une difference evidcnle dc sexe 
(comme chez les jeunes) ayec dcs valeurs bcaucoup plus basses ebez 
la femme, difference qui est statistiqucmcnl prouvec. 

Dans un certain nombre dc cas, il a 616 possible d exaniincr la 
presence d’achylic refractairc a riiistamine. J’ai dans la table III 
inserit ces cas, et }C Ics ai parlag6s cn ce qui concernc Ics valours 
du serum du fer en un groupe au-dcssous dc 60 y % el cn un groupe 
au-dcssus dc ccltc limitc. Comme Ton voit il y a 13 de cos 52 cas 
examines qui ont une valeur de fer du s6i um an dessous dc 60 y % 
et parmi ces cas il y a 11 femmes. Aucune difference pour la 
siderop6nie chez les cas avec achylic ou sans achylic ne sc inontre 
dans ce materiel. 


Tabic III. 


Les valeurs du fer clu serum s\ raison dc racIiyUc Ras,lriqvic. 


Le fer du sdrum au-dcssous dc 00 >' % 

Le fer du sdrum au-dcssw dc CO y % 

Avcc I’acbylic 

Sans I’achvlic 
' 

.•\vcc rnchylic 

Satis I’achylic 





Femme 

Mom me 

Fcmnic 

Homme 

5 

1 

G 

1 

II 

7 

6 

ir» 


Si nous revenons aux premieres cou'rbcs on voii, cormne nous 
I’avons dejh dit, que les valeurs basses du fer du s6rum sont bien 
plus communes chez les femmes: Dans 7 cas nous trouvons des 
valeurs au dessous de 50y % et dans 13 cas des 50 dcs valeurs au 
dessous de 60 y %. Chez les hommes nous avons deux cas au 
dessous de 50 y % et 4 cas au dessous de 60 y %. 
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Aucun parallelisme entre les valeurs tres basses du fer de serum 
ct les valeurs plus basses de rhemoglobine ou de globules rouges 
du sang n’a pas pu etre definitivement montre sur ce omaleriel nor- 
mal)), ce qu’on voit par mes courbes. Ainsi ]’ai trouve, par exeniple, 
une des plus basses valeurs du fer du serum, 40 y %, chez un homme, 
qui avait 100 % d’hemoglobine et 5.10 millions de glol)ules rouges, 
et dans un autre cas chez une femme, une valeur de 37 y % avec 
80 % d’hemoglobine et 4.20 millions de globules rouges. Ces deux 
cas etaient de vieux hemiplegiques qui avaient ete soignes long- 
temps pour les suites de cette maladie apres un ramollisement 
cerebral. Dans un autre cas un homme avait une valeur relative- 
ment basse d’hemoglobine de 80 % et 4.10 millions globules rouges, 
alors que la valeur du fer du serum etait une des plus hautes con- 
statees, 193 y %. 

On ne pent pas non plus constater que les plus basses valeurs 
du fer du serum se trouveraient de preference chez les plus vieux 
malades: dans les 11 cas au dessus de 85 ans, qui ont ete examines 
les valeurs sont pour les femmes (9) entre 30 y % et 135 y % avec 
3 cas en dessous de 60 y % (30.50 et 52 y %) et 2 cas au dessus de 
100 y % (110 et 135 y %), alors que les valeurs pour les 2 homines 
les plus &ges sont 117 y % et 195 y %. 

Je crois pouvoir cependant avoir prouve que chez les vieillards, 
surtout chez les femmes, il j a assez souvent une sideropenic latente 
de cause inconnue. Cela semble cependant ne pas avoir de rapport 
avec I’achylie. 


II. 

La sideropenic chez des ulceres de varices aux jambes. 

Depuis la fin de I’annee 1942 j’ai pu rassembler un materiel de 
20 cas d’ulceres chroniques de varices aux jambes chez des vieil- 
lards n’ayant pas d’autre maladie qui pouvait etre soup^onnee 
d’avoir une influence sur la circulation du fer (tumeur, maladie 
contagieuse chronique, hemorragie). Dans tons ces cas I’examen 
a ete complete par I’examen complet du sang y compris I’examen 
du fer du serum et de la reaction de Wassermann. Dans I’anam- 
nese on a cherche apres une di^e pauvre en fer, et quand a cet 
egard on a eu le moindre soupgon ces cas n’ont pas ete pris. En ce 
qui concerne le genre et I’aspect des ulceres ils ont ete (comme 
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c’est le cas chcz les vieillards) clironiques ct reddivants, dc gran- 
deurs differentes, mais avec I'aspect caracteristique, bien Imiilcs 
centre Ja peau Ic plus souvent mince et dc couleur brunc. 

Parmi 20 cas examinds il y avait 16 femmes et 4 bommes. 7 cas 
sideropdnie manifeste, parfois avec une grave andnrie. 

- . ■. 1 j.. r .1.. AlnJf nil floccnilS 


avait une smtuuyviu^ i- - 

des 16 femmes la valour du fer du serum dlait an dcssous 

•. m A *1.-— rt P 


Clicz 13 ues lu — 

de la valeur normalc; il on dtait dc meme cliez 3 des 4 liommcs. 

Quand on examinait les valeurs du fer du serum cl du sang ebez 
CCS 20 cas d’ulcercs, on pouvait fairc des constalalions intcrcssan- 
tes. aiez 7 de ces 20 cas la valour du fer du serum clait an dcssous 
de 40 y ■%. Chez les 16 femmes 2 sculcmcni avait au dcssus de la 
normale, dont une avec la haute valeur dc 135 y %. Cette maladc 
etait une femme de 75 ans, qiii avait etc soignde auparavanl, 
plusieurs fois, pour des ulccrcs aux jambes ct qui une annee plus 
tot avait eu une anemic, Iraitcc avec du for. A son dernier sdjour h 
I’hdpital, lors d'unc rdcidivc d’ulcerc a la iambe, Ic sang etail nor- 
mal et Ic fer du serum etait eleve. Dans 2 des cas allcinls d’andmic 
sideropene la valeur dc riicmoglobine etait au dcssous de 50 %. 
L’une de ces malades cst mortc dc marasme aprds 2 mois. L’autre. 
se rdtablissait; les ukercs guerissaient cl I’anemic disparaissail ajirds 
6 mois avec un traitement dc for. Comme valeur moyenne pour les 
16 femmes attcintes d’ulceres chroniques auz jambes on Iroiivc 
une valeur de 57.7 ± 6.29 y % cl si on exclul le cas avee la plus 
haute valeur on a pour les 15 autre cas unc valeur moyenne dc 
52.5 4.23 y %. Si on conte la difference de la valeur movenne 

pour les personnes bien portanlcs, cette difference cst dans les 
deux cas statistiquement etablic (31.0 ± 6 23 - rcspccUvcment 
25.8 i 7.84 y%). Clicz les malades dc mon matdricl, ayant des 
ulceres aux jambes les valours sont bcaucoup au dcssous des valeurs 
normales, quand il s’agit des femmes. 

Chez les 4 liorames on consUlc dons 3 cos unc valour du fcr du 
serum au dcssous dc 60 y %, tandis que Ic qualricmo avail, une 
valour normolc. Dans I'uu des 3 cas il y avait unc sidcronenic 
evidcntc ovee aucmic ct 58 % d’homoglohine; dans un aulro cas 
unc anomic avee 74 % d’hemoglobinc ct 35 y % dc for du sdrurn. 
Les examens du sang ct dc la moclle, (quand cos cxaincns out nu 
e re fails) n ont non monW dc special saiif I’andmio, Dans plusi- 

refractairc 6 1 histamine semWe 6tro asscz frdqucntc. Cominc !c 
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materiel est trop insuffisant jusqu’a present je n’ai pas pu faire 
des conclusions sGres a ce sujet. D’autres symptomes objectifs de 
la sideropenic ont aussi ete trouvds; mes futures recherches mon- 
treront si ces symptomes sont ordinaires ou non. On a soign^ ces 
malades en les tenant alites, les jambes elevees, avec une diete 
normale, du fer en grandes doses en cas de sideropenic (17 des 20 
cas) et une therapie locale, en general le traitement avec le fer a 
eu un bon resultat et a amene ime rapide amelioration de I’anemie 
en meme temps qu’une augmentation du fer du serum a la valeur 
normale. Quelques cas se sont cependant montres plus refrac- 
taires. Dans les cas oil I’anamnese a montre une forte tendance de 
recidive la continuation du traitement de fer a ete recommande, 
meme apres que les ulceres ont etd queries. 

Je veux aussi dire quelques mots sur les resultats du traite- 
ment. 2 femmes sur les 20 cas sont mortes. L’une avait 74 ans, avec 
anemic grave sideropene et marasme, I’autre, agee de 78 ans, est 
morte d’une bronchopneumonie. A I’autopsie les diagnostics ont 
ete verifies et rien de remarquable n’a ete trouvd au sujet de la 
cause de la sideropenic. Chez 16 des 18 cas les ulceres aux jambes 
se guerissaient aprds un traitement plus ou moins long; dans les 2 
autres cas on pouvait constater une sensible amelioration, J’ai 
trouvd intdressant d’essayer d’avoir une idde de la longueur du trai- 
tement, souvent tres long chez les vieillards qui ont des ulceres 
chroniques aux jambes. Les cas pris dans mon materiel ont eu un 
traitement qui a varie entre 4 semaines et 6 mois, sauf un cas, 
oil les ulceres ne se sont pas gudris avant un an et demi. Cette 
malade, agee de 77 ans, avait une tres forte artdrioscldrose periplie- 
rique et une atropbie de la peau. 2 de cesVmaladds sont mortes, 
comme Je I’ai ddja dit, toutes les deux 8 semaines apres leur arrive 
a I’hopital. Pour les 17 autres cas la durde du traitement etait 
dans 11 cas de moins de 4 mois, en moyenne 7 semaines, dans les 
autres 6 cas de 4 a 6 mois. Pendant I’annde 1941, par consequent 
avant I’introduction du traitement par le fer, 10 cas d'ulcdres au 
jambes sans complications etaient soignes, et ces malades avaient 
une durde moyenne de traitement de 34 semaines avec une varia- 
tion de 14 a 96 semaines. Je cite ces chiffres comme coniparaison. 
Ici aussi le materiel est trop petit, mais j’ai I’impression que le trai- 
tement par le fer active la gudrison. En ce qui concerne mes 20 
cas d’ulcdres aux jambes Je renvoie le lecteur a la table IV. 
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Table IV. 

Le materiel de 20 cas d’ulcferes chroniques de varices aux jambes. 


Cas 


. Sexe 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


1 j Femme 
9 1 Femme 
Femme 
Femme 
Femme 
Femme 
Femme 
Femme 
9 1 Femme 
Femme 
Femme 
Femme 
Femme 
Femme 
Femme 
Femme 
Homme 
Homme 
Homme 
Homme 


Age ans 


65 
60 
62 
68 
70 

66 
65 

74 

78 
80 
77 

75 
73 
77 
88 

79 
68 
81 
66 
82 


Ulceres 
depuis ans 



Temps 
de traite- 
nicnt 


Rdsultat 





slatent solvent che. le " Xis et 

ai<ieropte et deux mdad fe I ™amie 
afe qui n-eet oependanrpas 1, ™ <=ntre 

asaex probable. Par I’absorption d^ferT™, 

prompte reaction et fe valours du savo ”**'“*■ ™ general, une 
“ f neral rapidement. n semHo ** 
son importance pour obtenir une mdris 
0 ironiques aux jambes. J’ai l’inten«o„ 7 
les sur nn plus grand mattriei pour voi/' 7*"”“'' ““ 

Pouvent 4tre considUrecs comme m symlm d’ 

symptome d’anemio sidUropene 
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cle la peau comme d’autres symptomes ectodermiques de I’anemie 
sid^ropene, ou bien s'il y a d'autres rapports entre ces deux symp- 
tomes. 
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Snpravital Analysis of Disorders in the Cerebral 
Vascular Permeability in Man. 

By 


TORE BROMAN. 

(Submitted for, publication April 28, 1944). 


The theory of a blood-brain-barrier is baSed on the fact that cer- 
tain substances' are unable to pass into the brain from the blood, 
although they find no difficu% in penetrating into other organs. , 
This is best demonstrated by means of special dyes, e.g. tiy-pan 
blue (Goldmann, 1913; Spatz, 1933). According to recent research, 
the blood-brain-barrier seems to constitute a special quality of 
vascular permeability peculiar to the cerebral vessels (Spatz, 1933; 
Broman, 1940). 

It can be sho-wTi in experimental animals with local cerebral 
lesions that, after intravenous injection of tr^'pan blue, the brain 
tissue is coloured blue in the damaged area, thus demonstrating 
damage to the walls of tlie vessels with impairment of their per- 
meability function. This method, which is known as the colour indi- 
cator method, was described in detail by the WTiter in papers 
published in 1938 and 1940. 

In several morbid conditions, disorders in the permeability of 
the cerebral vessels may be suspected of playing a more or less 
significant pathogenetic role. The colour indicator method, however, 
was not suitable for study of this factor in man, as long as such an 
investigation required the injection of dyes before death. A new 
avenue of approach was opened by the observation in experimental 
animals that the permeability-regulating function of the brain 
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vessels did not cease with death of the individual (Broman, 1938 
and 1940). This was explained as a survival of a cellular function 
Thus a disturbance in the permeability function could still be de- 
monstrated a short time alter death in animals with cerebral lesions 
brought about in vivo. The vessels of the head had only to be per- 
fused posi moricm with a solution of trypan blue and then thorough- 
ly washed out. The damaged parts of the brain Were then found 
to be stained blue in the same manner as if the dyeinjection had 
been given in vivo. 

This method of postmortal analysis with certain modifications 
has now for the first time been tested on human material. The 
brain was removed before the injection of the dye into its vessels 
so as to avoid discoloration of the other tissues of the head. Can- 
nulas were inserted — one in the carotid artery on one side, the 
other in the vertebral artery on the other side. The perfusion was 
performed with the brain floating in water and with a pressure of 
1.0 increasing gradually to 1.3 meters of water, in order to coun- 
teract the resistance to perfusion caused by the absorption of water 
by the brain. The system of perfusion was as follows: 

1) 0.2% trypan blue solution in normal saline: about 400 IVIl/10 min. 

2) Normal saline ; » » » / » » 

3) 5 — 15 % formaldehyde solution : » i> > / » » 

The thoroughness of the perfusion was tested in two ways: 

Firstly by control of the fixation and secondly by microscopic 
study of the blood vessels. If the perfusion was satisfactory, frozen 
sections of the brain could be made immediately afterwards and the 
Vessels Were found to contain only few blood corpuscles. 

The material comprises 13 cases from the Neurological and the 
Neurosurgical Departments of the Serafimer Hospital, Stockholm, 
and was kindly put at my disposition by the heads of the depart- 
ments, professors N. Antoni and H. Olivecrona, to whom I would 
express my grateful thanks. The investigation was carried out at 
the Brain Laboratory of the Neurological Department, where space 
and equipment were made available to me through the kindness 
of professor Antoni. 

As appears from table 1, the perfusion must be started within 
a few hours after death if a satisfactory result is to be obtained. 
Later on there is found diffuse staining of the whole brain, due to 
postmortal cessation of the permeability function and to incom- 
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plete Avashing-out of the dye in consequence of pronounced xesis- 
tanco to the perfusion in these cases (autolysis of the brain wth 
swelling during the perfusion?), the same factor being responsible 
for the defective fixation. 


Table 1. 


Relolion between 

Ihe interoal from death to perfusion 

and the results obtained. 

Perfusion begun 



Xo. of 

cases 

Fixation 

Diffuse staining of whole 
brain 

About 1 hour 

post mortem 

5 

4- 

— 

« 1 Yi i>-s 

D 

f> 

3 

4- 

— 

n 2 » 

♦> 

fr 

3 

'4-) 

— 

» 8 » 

» 


1 

— 


» 10 » 

» 

!> 

1 

— 



After elimination of the two cases with diffuse staining of the 
brain, there remain 11 technically successful ones, some of which 
exhibit more than one lesion of interest in this connection. The 
findings can be summarized as follows; 


Nature of lesion 

Table 2, 

No. of oh- Results 

Malignant glioma 

servations . 

3 Staining of non-necrotic parts of tumor 

Cerebral astrocytoma 

2 

)) 1 ' the tumor 

Mclanosarcoma 

1 

» » !> r> 

Benign cj'.st of the sep- 

1 

No staining of wall of cyst 

tum pellucidum 

1 


Encephalomalacia 

1 

Perifocal staining 

Cerebral hemorrhage 

1 


Edema 

4 

staining of the edematous regions 

Ventricular puncture 

1 

» » wall of canal 

canal 

Abscess 

1 

» s> » » abscess 

Multiple Sclerosis 

1 

0 0 demyelinated areas 

Special attention should 

be paid to the cases of tumor, edema 

and multiple sclerosis. 



As to the tumors of the brain, their vessels seem to lack the 
special permeability function of the blood-brain-barrler, a fact that 
may be of interest to further research on the morphological or 
C Ada med. scandinav. Vol. CXVIJI. 
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physicochemical basis of the barrier. The abnormal permeal)ility 
of the glioma vessels perhaps also is responsible for the tendency to 
cyst-formation exhibited by these tumors — an explanation 
however, that does not hold true in the case with a benign cyst. 

In the hope of turning this peculiarity of the cerebral tumors 
to clinical advantage, an investigation was started in cooperation 
with a chemist (S. Sunner) and a roentgenologist (.S. Eriksson). 
Certain substances resembling tij^pan blue in structure, but con- 
taining iodine, were administered by intravascular injection to 
animals with cerebral lesions, in order to render the damaged areas 
radiographically visible. The compounds tested, however, turned 
out to be unfit for the purpose, as tlieir opacity to X-rays was 
too low in relation to their toxicity and their degree of solubility. 

In the cases of cerebral edema, the edematous condition of a 
hemisphere or part of it was obvious before perfusion and could 
not, therefore, be attributed to postmortal absorption of fluid. 
Good fixation and microscopic control also proved that no dye had 
stagnated in the vessels. As it is a generally accepted fact (Haller- 
vorden, 1940; and others) that the myelin becomes more or less 
destroyed in regions affected with cerebral edema, myelin-stained 
preparations were examined. First it was shown that postmortal 
staining of brain sections with trj’pan blue did not hamper subse- 
quent myelin staining. \Mien the edematous regions were investiga- 
ted, it was found that the distribution of the dye exactly corres- 
ponded Awth the varj'ing degree of dcmyclination. Here therefore 
is a strong argument for the assumption that the penetration of the 
dye during the postmortal perfusion is actually caused by a dis- 
order of the vascular permeability already present in vivo. The 
results suggest that a disturbance in vascular permeability is the 
main factor in the development cf cerebral edema, even if local 
metabolic disorders in the brain and irregularities in the general 
fluid balance of the body arc factors which also should be taken 
into account as contributory causes. 

Outside the edematous regions and in some other cases without 
gross edema but in which an increased intracranial pressure might 
have been at least a contributory cause of death, blue-stained, sub- 
cortical areas of varying Size were found, which at first were con- 
sidered to be artefacts. In myelin-stained sections these areas 
showed the same correspondence between blue-staining and demye- 
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lination. These foci were, therefore, interpreted as signs of begin- 
ning edema, still localized in scattered areas. 

The clear connection between a permeability disorder and 
demyelination (the relationship of the trypan blue preparations to 
tJie myelin-stained ones was as positive to negative) is an obser- 
vation Which also adds interest to the final problem, as follows. 
In tlie case of multiple sclerosis (the disease history was very 
short — only about six months), the demyelinated areas exactly, 
corresponded with a disturbance of the vascular permeability, e.g. 
the blue-staining increased with the degree of demyelination 
both- in different areas and in different parts of the same area. 

The most important question to arise concerns the causality. 
Is the demyelination to be regarded as a primary, secondary or 
parallellphenomenon to the disorder in permeability? This question 
will be studied in greater detail at some later date, but there is one 
point which can be made at this time: in the case of cerebral edema 
the disturbance of permeability is likely to be primary’’ in relation 
to the edema, which in some way leads tod emyelination. It may 
be that the same also applies to multiple sclerosis. 

Summary. 

Damage to the walls of the cerebral vessels with impairment 
of their permeability function may be demonstrated with a colour 
indicator method a short time after death. This method has now 
for the first time been tested on human material. After removal 
of the brain its vessels were perfused with a solution of trvman 
blue. 

Eleven technically successful cases (perfusion within a few 
hours after death) were investigated. Disorder of the barrier func- 
tion could be demonstrated in malignant glioma, astrocytoma, 
melanosarcoma, encephalomalacia, hemorrhage, edema, abscess 
and multiple sclerosis. 
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Not till recently has copper been proved an indispensable 
element in the animal organism. It vas I\Ic Hargue (15) who start- 
ed investigations into this question, and in 1928 Hart, Steenbock, 
Elvehjem and collaborators (9) in experiments on rats and subse- 
quently on mice, rabbits, dogs, swine and chicken demonstrated 
the necessity of copper for the normal synthesis of hemoglobin. 
These experiments have been reviewed and discussed by Ege (5). 
Elin Fog (6) has shown that the copper deficiency anemia in rats is 
microcytic. As early as 1931 veterinarians (17) pointed out the 
existence of a special copper deficiency disease, which occurs spon- 
taneously in cattle, sheep, goats and swine in various parts of the 
world (22, 4). In cattle this disease manifests itself by anemia, 
emaciation, diarrhea and interrupted capacity for breeding; and 
the animals vdll die of this disease if they are not transferred to 
shealthy# pastures or supplied artificially vdth iron and copper 
salts. Innes (12) has studied this lesion especially in sheep, and 
Bennetts & Chapman (2) demonstrated that it is due to copper de- 
ficiency. In sheep this form of anemia is characterized by being 
macrocytic, and the lambs of such sheep are attacked early by an 
ataxia that leads to the death of the animal within a short time. 

' On Serum Copper. II will be published in Acta phj'-siologica skandl- 
navica. 
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So far it lias not been possible in man to demonstrate similar 
clinical features brought about by copper deficiency. Only during 
the first months of life is the diet so poor in copper that copper de- 
ficiency due to an inadequate supply seems possible. The amounts 
of copper required by the human organism are very small, hoNvever, 
and most likely this is the reason why the pediatricians (10, 11, 13) 
do not agree on the necessity of copper therapy together with iron 
treatment in infantile anemia. The clinicians further differ in 
their opinion about copper deficiency from absorptive disturbances 
in' adults, some authors (20, 16) claiming that certain anemias 
are not cured completely without an addition of copper to the iron 
therapy, while others (8, 3) assert that copper has no therapeutic 
effect whatever. On the other hand, investigations by means of 
the more recent methods of quantitative copper determinations on 
the serum of human subjects, both normal and patients with vari- 
ous diseases, have shoAvn that significant variations in the serum 
copper concentration occur under both physiological and patho- 
logical .conditions. The progress made in the technique of these 
determinations may be illustrated appropriately by the fact that 
Abderhalden & Holier (1) in 1928, using classical methods, had to 
employ 1 liter of serum for their analysis, whereas now 1 ml is 
sufficient. This progress is due to the introduction of various 
highly-coloured copper compounds and their colorimetiy (21, 14, 
19), or special arrangements’ as used by 0, Warburg (23) or Guillc- 
met (7). Tlie method of McFarlane (14), based upon the very 
strong colour-reaction between copper and dictbyl-dithiocar- 
bamate, appears to be superior to the other substances which so 
far have been tried. Tlie modification employed by the author 
will be described in detail in a subsequent report. (18) 

It may tJms be evident that the copper metabolism of the 
human organism involves several problems wortliy of investiga- 
tion. The subsequent papers of tliis scries will contain reports'^of 
the author’s investigations in some of these fields. 
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Owing to the analytical difficulties, so far only a few investiga- 
tions liave been reported on variations in the serum copper concen- 
tration under normal and pathological conditions. As normal 
values, obtained with earlier methods, 0. Warburg (11) gives 
124 y %, and Sarata (9) gives 33 — 63 y %, while the values given 
Jiy other authors lie at entirely different levels and hence will not 
be discussed here. 

With various modifications of the thiocarbaniate method, 
normal values of about 200 y % were obtained by McFarlane (5) 
and by Tompsett (10), whereas Loclie d al. (4) found an average 
value of 80 y % for 8 men and 92 y % for 9 W'omen; the apparent 
sex difference, however, may be due to random sampling. Heil- 
meyer cl al (2) (1941) found 106 y % as the normal value, the 
same for 30 men and 30 women with a range from 70 to 140. From 
the data recorded it is not evident, whether or not all the experi- 
mental subjects were fasting. Sachs ei al (8) (1941) found 105 y % 
for 10 men, varying from 84 to 132; and Braun & Scheffer (1) (1940) 
give 119—157 y % as normal values, without stating whether 
they are fasting values. 

My material comprises 100 normal women, from, 18 to 48 years 
old. and 30 normal m,en, aged 17 to 38. They have all been feeling 
veil, z. e., able to work, free from infection and presenting no 
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abnormality on ordinary clinical examination, including the sedi- 
mentation test. All the blood samples were taken in the forenoon, 
one or two hours after breakfast. All the analyses were carried 
out in duplicate, and in no instance did the difference of the results 
exceed 4 %, while as a rule it was 1 % or less. The analytical 
method followed has been reported elsewhere in detail (6). The 
results are recorded graphically in Fig. 1. 


it 

if 

lo 

ti 

It 

s 


Fig. 1. Serum copper in 100 normal women..., in 30 normal men—. 

Although both curves are apparently skew, with a more pro- 
tracted fall to the right, a test with the probit method shows that 
they are suitable for statistical treatment as in normal distribu- 
tion of the values. The mean for women is 123, 15 y % (s = i 
16.24), for men 110.53 y % (s = T 12.14). The difference between 
these two means is significant, (exceeding the 0.1 per cent level, 
t = 3.86) indicating a real sex difference. Tliis is in conflict with 
the results obtained by Heilmeyer (2); it may perhaps be connected 
with the lower serum iron concentration in women, since an appar- 
ent antagonism between serum iron and serum copper has been 
demonstrated often (7, 3), and usually the deviations from the 
normal have gone in opposite directions. Considered as a total, 
the upper and lower 1 per cent limits for serum copper in normal, 
non-fasting individuals \vill be 123.15 16,24. 2.58 y %, i- 

J63.04 y % and 110.53 + 12.14. 2.756 y %, i.e. 77.08 y %, or 
more practically 165 and 75 y %. 
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ON SERUJl COPPER; HI. NORMAL VALUES. 

Before we make use of these normal values, we shall have to 
know a little about physiological variations: diurnal variations 
from work and intake of food, variations from day to day in the 
same individual, and in the case of women, also possible varia- 
tions in relation to menstruation and pregnancy. 

Heilmeyer(2) appears to be the only investigator who has 
looked into the diurnal variation, which he found to amount to up 
to 30'% of the initial value. In order to throw' some light on this 
question, 1 have taken samples of blood from 3 healthy subjects 
5 times within 24 hours. At 6.30 the subjects were fasting and under 
basal conditions. 

Table 1. 

Diurnal Variations in Serum Copper in Normal Siibjccls. 

Hour 6.30 11.30 14.00 17.00 22.00 


1. Male, aged 35 104 109 110 105 114 

2. , Male, aged 31 70 90 90 S I 107 

3. Female, aged 29 103 111 110 110 125 


From Table 1 it is evident that the diurnal variations in serum 
copper may be quite considerable; in all three persons the fasting 
value is the low'cst. The latter point is further evident from the 
fact that no value as low as 70 is found in the author’s normal 
material from non-fasting indhnduals. 

Variations in serum copper from day to day have been c.vam- 
ined in altogether 6 samples of blood taken from cacli of 5 nor- 
mal women within a period of about 15 days. The findings arc pre- 
sented graphically in Fig. 2. 

During the observation period, menstruation appeared in 3 of 
these 5 women, without liaving any demon.strablc influence on the 
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variations in serum copper. That menstruation has no influence 
on the serum copper concentration has been stated previous!}' by 
Locke et al (4) and by Heilmeyer et al (2), whereas Sarata (9) 
found the values for serum copper to ])e much higher just lief ore the 
- menstruation than after. By plotting the serum copper values 
for all the normal women in a coordinate system in relation to the 
last menstrual period, the menstrual cycle has been found to give 
no variation in serum copper. A corresponding plotting of the 
values after the age of the individual subjects shows that the 
serum copper concentration keeps the same level from the menar- 
che to approaching menopause. On the other hand, very pro- 
nounced changes in the serum copper concentration are observed 
during pregnancy (as will be demonstrated in detail in the suh- 
sequentpaper). 

Wlien the normal samples were collected, 6 women stated they 
had a scoldi) or sore throat. Nevertheless, 3 of these women showed 
a normal sedimentation rate and normal serum copper values. In 
the remaining 3 Avomen the findings were as follows: 


S.R.mm, 

Ihour 

Cu Y % 

S.R. mm, 1 hour Cu V % 

S.R. mm, 1 hour 

1. B. 175 5 

125 

4 (4 weeks Iqter) 


2. 0. 224 7 

151 

16(6 1) » ) 177 

15 (5 months later) 

3. N. 159 22 

170 

18 (7 » » ) 



From the findings on reexamination of these women it seems 
most probable that while No. 1 soon was well again, the two others 
had acquired some more protracted latent infection. 

In addition, 2 Avomen shoAv'ed an increase in serum copper (232 
and 200 y %), Avith normal sedimentation rate and no clinical 
symptoms, and on repetition of the examination 3 AA'eeks later, 
they shoAved normal values for serum copper. In these tAVO cases 
more likely the high copper values obtained in the first test AA'ere at- 
tributable to a technical error, brought about by the employment 
of bi-distilled Asmter from a flask provided A\ith rubber tubing, as 
rubber tubing contains copper. 

One AA'oman, Avho had no »cold», shoAA'ed a sedimentation rate 
of 22 mm and a serum copper concentration of 152 y %. One 
month later the sedimentation rate AA'as 16 mm, serum copper 161 
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V 0 /. 9 weeks later, S.B. 20 mm; and 5 months later, S. R. 10 mm, 
and ^rum copper 158 y % - that is, a rather high normal value. 

These examples illustrate how readily a slight infection may be 
associated with a marked increase in scrum copper and that the 
serum copper concentration may be even more labile than tlte sedi- 
mentation rale, returning to a norm.al level more slowly. 


Summary. 

A brief review is given of previous reports on the serum copper 
concentration in normal persons. 

In 100 normal, healthy, non-fasting women, the writer found 
123 micrograms of copper per 100 ml of serum with a standard 
deviation of 16 micrograms, in 30 normal men 110 m.icrograms of 
copper Avith a standard deviation of 12 micrograms, ^flic limits 
for normal values for scrum copper in adult, non-fasting persons 
are 75 and 165 y %. 

It is further shown hoAv the scrum copper concentration in the 
same person is subject to considerable diurnal variation as rvcll 
as to variations from day to day, though not outside the given limits, 
the fasting value excepted. 

It is finally shown that the menstruation has no influence on tljc 
serum copper concentration, whereas this ma}' be affected markedly 
by infections.- 
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In 1928 Krebs (2) (iefuonslrnted tlinl llic .senim copper con- 
centration is consi(icr.nl)ly iiicre.'ised ditring' prcfLinncry, and later 
this wfis confirmed by Sclundel (0). Lt.cke cl al (1), Sarala (8), 
Lesne c.l <tl (It) and Xorinder ((>), enijiloyirift various micrncbcniica! 
metliods for the determination of copper. 'I’lie absolute values for 
coj)}K‘r given by these authors differed somewhat, liowever, and 
Sarata (8) thouglft that the rise in serum copper is present only 
during the first ])art of ))regnancy, wliereas Lesne G^) asserted 
Dint it was jiresent til! the parturition. After e.xamination of 10 
pregnant women Heilmeyer cl ol. (I) arrived al the conclusion 
that Serum co))per is particularly increased towards the end of 
jiregnancy, and they suggested that the serum copper deter- 
mination might be used as a diagnostic adjuvant early in preg- 
nancy. 

For the .sake of further elucidation of this (luestion, the author 
has estimated the serum copper concentration in .'51 pregnant 
women and 41 )>arturients. ']*he method of analysis is the same as 
has been mentioned and described in a previous pajier (5)’. 'llie 
patients were never fasting when the sample of blood was taken- 
All the pregnant women were eojisulling the ont-jialient deparl- 

' All the analyses were nuiile in «!«)ilicale and the dilfcrencc of Iho results 
(lid iiol exceed .3 %, 
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Months after last mcnslnialion. 

Fig. 1. Serum copper during pregnancy. (Upper nortu.al limil: 1C5 V %). 


ment; 7 sought advice for dyspepsia, lipothymia, etc. and present- 
ed merely pregnancy as explanation of llieir complaints; tlie 
others were referred to the clinic for the sake of observation for 
cardiac disease (which could be demonstrated only in 2 out of 13 
cases), glycosuria in pregnancy, goiter, or — what most often was 
the case — for the sake of thorough medical examination in order 
to be taken in for delivery in the hospital. At the lime of their exam- 
ination none of the patients included in the present material 
had a cold or albuminuria, hj'pcrthyroidism or other conditions 
known to be associated with a rise in Scrum copper. Tlic parturi- 
ents were patients picked out at random on four days in November 
1942 and four days in March 1943. Of these patients 4 had to be 
excluded from this material: 2 with s}T)hiiis, one with open pul- 
monary tuberculosis, and one with eclampsia. On n:osrt of them 
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DftrS POST PftnruM 

Fig. 2. Scrum copper at the parturition, in the puerperium and labor. 
(Tlie first row of points represent parturients in whom this was the only ana- 
lysis performed). 


the test was repeated shortly before their discharge, but 3 had to 
be ruled out on account of fever in the puerperium, (Pjmria, Phle- 
bitis). Tlius this material includes 37 analj^^es from the day of 
delivery, ‘27 from the end of the puerperium and 10 from an addi- 
tional test, performed a few weeks after the parturition. 

From Fig. 1, Avhich shows the outcome of the serum copper 
determinations in the 31 pregnant women, it is plainly evident 
that in the first three months of pregnancy the serum copper 
values sometim.es fall within the normal limits (up to 165 y %), 
sometimes are increased, and only after the third month are all 
of them increased. This abolishes any possibility of an early 
diagnosis of pregnancy by means of serum copper determination 

Fig. 2 illustrates the serum copper concentration at delivery 
and shortly after. Even a few days after labor the fall in serum, 
copper towards normal level is distinct; 4 — 7 weeks after parturi- 
tion 9 out of 10 patients showed normal values. At that time, the 
one patient, in whom the Serum copper was still increased, gave a 
Sedimentation reaction of 22 mm, without presenting any other 



reason for this phenomenon besides the pueiperium. In 37 pati- 
ents the analyses shov,'cd an average serum copper concentration 
of 269.6 y % with a standard deviation of ± 48.03 y %, 

At the same time as the maternal serum copper was determined, 
in 20 cases another copper determination was carried out on serum 
derived from umbilical cord blood. Already Schindcl (9), Locke 
c{ ai (4) and Lesne el al (3) found the copper concentration to be 
much lower in fetal scrum than in the maternal scrum; and Sachs 
el al. (7) found very low values for the copper content of whole 
blood from the umbilical cord. 


The writer is able fully to confirm this slrildng difference in the 
blood of the mother and the cliild ~ as shown in Fig. 3. 

The average value for the children is 55.7 y %, but it is to be 
pom ed out that one half of the specimens gave values under 50 y 
/o. If, m spite of this skewness in the dispersion of the values 

present too, altliou*;), )e« pronounced, in the material 

these ,alues after the usual formulae, it is found to he ± 15 64 

/ /o- 
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Summary. 

In analyses on 31 pregnant women the serum copper is found 
a rule to lie increased from the third month of pregnancy. At 
delivery, 37 parturients showed an average serum copper concen- 
tration of 269 y % (standard deviation ± 48.03 y %). In the 
umbilical cord blood from 20 children the copper content was 
much lower, averaging 55.7 y %. During the puerperium the 
serum copper concentration commences to fall, reaching a normal 
level in a few weeks. 
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Ober die Nierenveranderungen bei todlicher 
Siiifathiazolschadigung. 

Von 

HILDING BERGSTRAND. 

(Bci der Rcdaktion am 15. April 1944 cingcgangcn). 


Eine Reihe von Autorcn habcn Nierenkomplikationcn bei der 
Sulfathiazolbehandlung beschrieben, ivelclie von Hiimaturie, Olig- 
urie, Reststickstoffsteigerung und — bci den scbwerstcn Fallen 
Tod infolge von Uramie gckennzeicbnct'weTdcn. Die erstc Mitteilung 
iiber das Aussehen der Nieren bei cinem derartigen Fall vTirde 
1940 von Horack erstattet, der KonkrcTncnte von Sulfalliiazolkri- 
stallen in den Sammelrohren und im Nierenbccken sovncinlra-und 
extratubulare Blutungen im Nierenparcnchym fand. Zvei Jahrc 
spatcr veroffentlichte Ledercr vier, klcrkcl und Crawford vicr 
sowie Winsor und Burch drei Fallc, wclche pathologisch-anato- 
misch untersucht warden konntcn. Bci samtlichen Fallen bcstan- 
den herdformige Nckroscn und Blulungcu in den Nieren, bei nicli- 
rcren auch Nekrosen in anderen Organen, wic Leber, Lungcn, klilz 
Lymplidriisen, Panlo-eas, Nebcnnicren und ICnocbenmark. Nekro- 
sen in diesen letzteren Organen kamcn jcdoch nicht regclmassig 
vor. In Schwcden hat Blcnda Wird fiber eincn lodlicb vcrlaufen- 
den Fall mit Obduktion berichlet, l)ci welchem die Nieren Anzei- 
chen eincr Nephrose von dcm bei Hg-Vcrgiflung gcwohnlichen 
Typus erkennen liesscn. Im Krankcnhaus Sabbalsberg sind im 
Laufe ciniger Monate sicben Todeslallc infolge von Sulfathiazol- 
schadigung der Nieren vorgekommen; bci alien diesen Fidlcn 
wurde das gleiche, schr charaktcrisliscbc Bild gefunden, wic cs im 
folgenden beschrieben werden wird. 
f — Ada med. scandinav. Vol. CXVIII. 




Abb. 1. Partie in dcr RInde, wo die Kanalchen zugrunde gegangen sind and 
das Gewebe mil Rundzellen infiltriert ist. Zcntral sieht man die Reste elnes 
Kanalchens. In der Umgebung des Herdes starke Hyperamie. 


Fall 1. 

Obd. 30/44. $, 32 J. Hatte seil vielen Jahren an schwerer Mitralstenose 
und -insuffizienz gelitten. War am 25. 12. 43 unter Fieber erkrankt, am 
27. 12. aufgenommen worden und am 18. 1. 44 ad exitum gekommen. 
Hatte wahrend der Zeit 2.2. — 3.2.42 Hallusan 16 g erhalten, 4. 2. — 
7. 2. 42 Sulfathiazol 10 g, 1. 7. — 5. 7. 43 Sulfatliiazo] 26 g, 13. 10. — 16. 10. 
43 Sulfathiazol 24 g, 27. 12. 43 — 2. 1. 44 Sulfapyridin 25 g sowie 6 g Sul- 
fapyridin in Form von Suppositorien. Folgende Rest-N-Werte sind im 
Krankenblatt vermerkt; 28. 12. 43: 33, 4. 1. 44: 113, 7. 1.: 176, 11. 1.: 
174, 13. 1.: 156 und schliesslich 17. 1.: 146. Die Urinmengen ■u'aren an- 
fangs sehr klein, stiegen aber wahrend der lelzten Zeit der Ifrankheit. Am 
10. 1. war die Urinmenge 1400, am 13. 1. sogar 2400. 

Pathologisch-anatomische Diagnose; Endocarditis peracta cum stenos. el 
insujf. grao. oalv. mitral. + Cicatrices myocardii, renum et lienis -r Bron- 
chitis mucopurulenta + Atelectasis et oedema pulmonum + Injarctus rents 
dextr. 

Die Nieren wogen zusammen 525 g. Oberflache bis auf vereinzelte 
kleine, trichterformige embolische Narben recht glatt. In der rechten biiere 
ein grosser, frischer anamischer Infarkt mit hamorrhagischer Randzone. 





Abb. 3. StraWcnformigc Eiwcissnjcdcrsdilagc uin ausgclauglc ICrislallc n\if 
dcr von EpiUicl cnlWosslcn ObcrflficUc dcs Nicrcnbccbcns. 


In beiden Nierenbecken elliclie kleinc Konkremenle, welcbc sicli bei che- 
mischer Unlersncluing als SulfatbiazoJkristalle cnvjescn. 

Mikroskopische Untcrsuchtn« dcr Niercn: Die Nicrenartcrien zeigeil 
keine Verirndeningen. In sowobl dem Mark wje der Hinde findet man zahi- 
reiche kleine Partien, in welchen die NicrenkanaJebon verscliwindcn oder 
zerfallen sind, so dass mir noch Resle derseJbon vorlianden sind (jVi)b. 1). 
Diese Herde sind mil Rundzellen infillrierl. In einem Teil derselben siclit 
man Klumpen von hyalincn Biindern und Scliollen, weJcbc sicb bci can- 
(?!e5onfarbung gelb wd bci Mallory-Fh'hung blau larben. Rings nm die 
Kerdc sind die Gefasse stark ansgcspannl nnd mil Biul gefulll. ITocb- 
gradige Hyperamie anch in den Nierenpapillen. Die Kanalcbencpilliolien 
lassen keine Vertellung Oder Degeneration in Form byaliner Tropfeben er- 
kennen, sind aber angesclnvollen imd weisen cine gcsleigerfo Kornnng 
anf. Die Lumina der genaindenen Kanalcben sind mjl einer kornigen oder 
faserigen ^lasse gefullt, welchc sich bci jtfn//ori/-Fiirbnng scbwacb blau, 
bei Farbung nach can Giesort sclnvacb golb farbl . Die Ducluli papillares 
sind eRvas enveiterl. Die Glomeruli sind im grossen und ganzon unver- 
sehrt; in einigen bemerkl man jedoeb geronnene, sclnvacb gefarbte Masson 
im Rohlraum der Bonananschen Kapsel, 

Im Nierenbecken sind die Epitbelzellen stellenweise abgeslosscn, wo- 
bei eine byperamisebe Flacbe enfblossl mrd. Auf derarligen Flacben fin- 
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5 
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+ 
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11. 11. 
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12. 11. 
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mm 
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0 






13.11. 
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B9 
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112 








14. 11. 

780 

mm 

40 

220 






saucr 


15. 11. 

323 

2100 

150 

198 


0 

28 

11,5 


sauer 

+ + 

16. 11. 

375 

2200 

255 

232 



33 

11,5 


saucr 


17. 11. 

373 

2000 

300 

212 



37 

15 




IS. 11. 

375 

2400 

160 

228 



43 

18 




19. 11. 

250 


244 




38 

16 





Abb. 3. Obd. 312/-13. 


det man verehizelle slralilige Korper, welclie sicli bei van-Giesoniavhvm^ 
ge]b, bei jl/aWori/-Farbving blau farben (Abb. 2). Im ITilusfett erhebliche 
Rundzelleninfiltration. In Gefrierscbnjlten von formalinfixierfem Mate- 
rial sieht man keine Kristalle. 

Fall 2. 

Obd. 312/43. 5 , 53 J. Am 14. 10. 43 Avegen Prostatabescliwerden auf- 
genommen. 19. 11. ExiUrs. 

4. 11. Operation Transvesikale Prostatektomie. 

In der Zeit 24. 10. — 9. 11. hatte Pat. insgesamt 81 g Sulfathiazol erhal- 
ten. Am 9. 11. sank die Urinmenge, Avelcbe bis dabin normal geAVesen Avar, 
auf 100 g. S. aucb Tab. Abb. 3. 

Patholog'sch-anatomische Diagnose: Status post prostatektomiam. 

Die Nieren Avogen zusanimen 450 g. Sie Avaren mit Blut strolzend ge- 
fiillt, und auf der Schnittfiache traten zahlreiclie kleine Blutungen hervor. 
In beiden Nierenbecken land man eine grosse Anzahl von kleinen gelb- 
lichen Konkrementen, Avelche, Avie die cbemiscbe Untersuchung ergab, 
aus Sulfathiazol bestanden. Beide Harnleiter Avaren ausgespannt und an 
ibrem Durcbtritt durcb die BlasenAA’and mit Pfropfen von gelblichen Massen 
A'erstopft, Avelcbe denjenigen im Nierenbecken glichen (Abb. 4). 


















Abb. 4. Langlichc Konkrcmcntc in den Urclcrcn an deren EinlrUl in die 
Blase. Die Harnleilcr sind cnvcilcrl. 


Mikroskopischc Unfcrsuchuns der Nieren: Arloriosklorolisclie Ver- 
iinderungen sind nichl zu konslalieren, ebensowenig Vorfolhing odor 
Degeneration in Form liyalincr Tropfeben in don Kanalchcncpifljplien. 
Tn den Lumina der gewindcnen Kaniilchcn cin diinnes t?clz\vork eincr 
sclnvacb fiirbbaren Masse. DucUiii papillares niclil envoifort. Sowohl 
im Mark avic in der Rindc findol man vcrslrenl stark iiypcramiscbe Gebicte 
mit Blul in den Kanalcben. NamcnlHclt im Anscldnss an diesc, aber nnch 
an anderen Slellen, sind jnnerlialb kleincr Pari ion dio Kanillcben ver- 
sclnnmden. Slatt der Jelzteren sielit man Rundzcneninfillralc und kleine 
IDiimpcben von byalinen Bandem und Sdiollen (Ai)b. 5). Zwischen dicsen 
liegen Rundzellen odor vcreinzelte EpillicIien der zdrstdrlen Kanalcben. 
Die KJumpclien, welcbe ungetabr cbenso gro.ss sind wjc em Glomernlus, 
farben sicb bei illciiorp-Farbung l)iau nnd bei van-Gicso fiirbnng golb. Sio 
geben.milbin nicbl die Fibrinreakijon. In gCAvissen Kliimiiclicn worden 
jedocb einige Sliicke der Bander bei Mallonj-Fih'lnmg rot. Die vor.stchend 
besebriebenon Herde, deren Ansseben sebr cbaraklerisliscb ist, kommen 
sowolil im Mark als ajicli in der Rindc vor. Die Glonicrnlussclilingcn sind 
stark mil Blul gefiilU. In den ICapselriinmcn gevonnene Massen, wolclie 
bei iifflWorpfarbung nngefarbt bleiben. Im Niorenbocken bemorkl man 
Blutungen in die Schleimhaut, deren Epilbelicn in grossen Gebicten ab- 
geslossen sind. Sonst weist die Nierenbeckemvand cine massige Leiiko- 
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Abb. 5. Rundzelleninfiltrate mit Konglomeraten von hyalinen Schollcn und 

Bandern. 


zyteninfiltration auf. Fernet sieM man eine starke Lenkozyleninfiltration 
im Hjlusfett, nnd hier haben sich an mehreren Stellen kleine ALszesse ge- 
bildet. Sulfathiazolkonkremente sind nicht zu fjnden. 

Fall 3. 

Obd. 340/43. $, 50 J. Erkrankte am 24. 11. an rechtssejliger Lnn- 
genentziindung und kam am 10. 12. ad exitum. Klinische Diagnose: 
Pneumonia dextr. + Uraemia. Am 4. 12. hatte die Patientin uber Schmer- 
zen in den Seiten geklagt, und es war da ein kleinmakuloses Hautexanthem 
beobachtet worden. S. auch Tab. 6. 

Pathologisch-anatomische Diagnose: Pneumoni ■ suhacuta pulmon. dextr. 

Die Nieren wogen zusammen 410 g. Die Njerenbecken -svaren hyper- 
amisch und enthielten eine sclnvarzbraune Fliissigkeit, in welclier steck- 
nadelkopfgrosse, braune, weiche Konkremente gefunden rvurden. Ure- 
teren enveitert, kleinfingerdick. Sie enthielten ahnlicbe Konkremente und 
Fliissigkeit me die Njerenbecken. Die chemische Analyse dieser Fliissig- 
kejt ergab 46,5 mg % Sulfathiazol. Harnblase leer. In die Harnleiter Hes- 
sen sich leicht Sonden einfiihren. 

Mikroskoptsche Untersuchung der Nieren; Massige Elastikahyperplasie 
in den Art. interlobulares, aber keine arteriolosklerotischen Veranderungen. 
In sowohl dem Mark wie der Rinde linden sich hyaline Kliimpchen von 
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Alb. C. Obd. 3i0/43. 


iingefalir Glomorulusgrosse. Dicselbcn sind aiis liyalinon Bandorn unci 
Scbollen zusammcngesclzl, z-vviscben wclcbon man luor und da Rcslo von 
zerfallenen Kanalchencpilhclion siobl (Abb. 7), Die Epilbolicn dcr go- 
windenen Kanalchon zcigcji kcino Degenoralion in Form byalinor Trdpf- 
cben und kcino Verfcltung. Iin Lumen dorsolben bomerkl man cin diinncs 
Nelzwerk einbr sclnracb gelarbten Masse. Sammclrbbrcbon und Duduli 
papillares niclil envcilerl. Die Glomemli sind inlakl, Man findcl zab!- 
reicbe kleine bj'peramischc Herde im Mark und dcr Rindc sowie im An- 
schluss an diese Blulungen in die Kaniilclicn. Iin Nicrenbccken isl das 
Epilliel zum grosslcn Teil abgestosscn. Auf der enlblossten Obcrflachc 
liegen in einzolnen Scbnilten nmdlicbe, radiar-geslreiflc Korper, welcbo 
sick bei i>f(d?on/-Fcirbung blau furbcn. Zwscben den feincn Slrcifon siclil 
man Liicken, wie nacb Auslaugung von Krislallcn (Abb. 8). Im Bindc- 
und Feltgewcbe im Niorcnbecken und aussorluilb dosselbcn pcrivasku- 
lare Rundzellen- und LcukozyleninfiUratiou {Abb. 9). Dio Wandmigon 
der Venen lassen Anzeiclien einer Scbadigung erkennen, sio sind toihvcisc 
hyalinisiert und farbcn sick bei t'an-Gicsoafarbung gelb, liei Mallory- 






















iiBEn DIE NIEREKVERANDERUNGEN BEI TODEICIIER ESW. 105 



Abb. 9. pcriva.sk«lr.rc Rundzcllcninfiltralion in der Xicrcnbcckcnvand. 
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Farbung aber blau. In einer Vene liegt ein Thrombus (Abb. 10) mil peri- 
vaskularer Leukozyteninliltration. Die Trombusmasse larbt sicb eben- 
falls bei Mallory-Fsccbxmg blau imd gibt mithin nicht die Fibrinreaktion. 
Das Hilusfelt weist kleine Nekrosen auf sowie ein Exsudat, welche bei 
van-Qiesonrarhvng den Eindnick von Fibrin macM, sich aber bei Tfei- 
gerf-Farbung nur teilweise und schwach positiv farbt und b6i Mallory- 
Farbung blau -vvird. 

Fall 4. 

Obd. 344/43. 3, 75 J. Wurde am 19. 11. wegen Hypernephroms' der 
rechten Niere -mit Perioden von-.Hamaturie aufgenommen. Rechte Niere 
am 30. 11. exstirpiert. Erhielt wegen Temperatursteigerung 21. 11. — 
23. 11. 16 g und 2. 12. — 7. 12. 27 g Sulfathiazol. Am 3. 12. war die Sul- 
fathiazolkonzentration im Blut 3,8 mg %. 6. 12.: Rest-N 56, Harnmenge 
klein. Der Reststickstoff stieg spater bis iiber 100, und die Urinmenge 
sank weiter auf 200 — 300. Am 9. 12. \vurde die Jinke Niere freigelegl und 
das Nierenbecken gespiilt. Das Becken mr jedoch nicht aiisgespannt. 
Gleichzeitig ^vu^de die Dekapsulation vorgenommen, da die Niere geschwol- 
len \Yar. Sulfathiazolkristalle ivurden nie im Urin gefunden. Exitus am 
11. 12. an Uramie mit ICrampfen. 

Pathologisch-anatorriische Diagnose: Status post nephrectomiam. 

Linke Niere wog 320 g. Nierenparenchym hyperamisch, schwellend. 
Im Nierenbecken sah man kleinere Blutungen, aber keine Konkremente. 
Die Harnleiter waren nicht erweitert und enthielten ebenfalls keine Kon- 
kremente. Dagegen fand'man auch hier Schleimhautblutungen, desgleichen 
in der Blase. 

Mikroskopische Untersuchung der Niere: Die Niere weist eine geringe 
Blastikahyperplasie in den Arterien auf, sonst aber keine arteriosklero- 
tischen Veranderungen. Die JEpithelien der gewundenen Kan^chen sind 
angeschwollen und grariuliert,und in einem Teil der Kanalchen farben sich 
die Komchen bei Mal/ory-Farbung rot. Es handelt sich hier also um eine 
leichte Degeneration in Form hyaliner Tropfchen. Die Zellkerne sind nicht 
verandert. Die Ducluli papillares sind erheblich erweitert und mit Zylin- 
dern angefullt. Im ubrigen sieht man zerstreute Herde von hyperamischem 
Parenchym mit Blutungen in die Kanalchen. Ausserdem findet man zahl- 
reicbe kleine Partien, in welchen die Kanalchen zerstort sind, und wo das 
Gewebe an deren Stelle zahlreiche Rundzelleninfjltrate enthalt. In einem 
Teil dieser Herde sind Reste von zugrunde gegangenen Kanalchen oder 
hyaline Bander und Schollen sichtbar, welche in laiimpchen von etuu 
Glomerulusgrosse angesammelt liegen. Diese hyalinen Massen farben 
sich bei Mallory-Farhung blau, bei pan-Giesonfarbung gelb. Die Glomeruli 
zeigen keine merkbaren Veranderungen. Nirgends sieht man Verfettung. 
Das Nierenbecken weist Schleimhautblutungen sowie Abschuppung der 
Epithelien auf. Im Hilusfettgew'ebe, aber nicht nur hier, sondern auch in 
der ganzen Fettkapsel, welche die Niere umgibt, bemerkt man eine reich- 
liche Zellinfiltration, besonders von mononuklearen Zellen, soivie ein fibri- 
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■noses Exsudal Unter der Nierenkapsel ein grosser Blutergnss.Hamosidc- 
rinpigmeDt im Hilvisfett in reicMIclier Menge vorhanden. 

.Fall 5. ■ _ 

Obd 273/43 $, 80 J- Erkrankle am 2.10.43 iinler Sliclicn in der 
recMen Brnslseilenod Frosteln. Diagnose Broncliopneumonie. 8. lO-B^ilus, 
Erbielt 2. 10. — 1. 10. insgesaml 35 g SwUaihiazol sowic am 7. nnd 8. 10, 
zusammen 10,5 g SulfatJiiazol. Zwolf Stiindon vor dem Tode KrampD 
anfiille. In den leizten 24 Slnndcn Aniiric, sonsl abcr koine Angabcn iilier 
die Urinmenge. 

Pathologisch-anatoinischc Biagnosc: Fibrosis vit/ocardi + Broncho- 
pncumoiiiae pnhnon. ambor. 

Die Nieren wogen zusammen 210 g. In der Rinde sah man zablreiche 
kleine Blutungen. NierenbeckenscMcimliaut blass. Kcino IConkrementc. 

Mikroskopische Untcrsuchung der jVjcrc’; Die Arterjao inleriobnlarcs 
iveisen eine starkc Blast ikaliypcrplasie anf. Irgendwelclic arleriolosklero- 
lische Veranderungen sind dagegen nicht z« finden. Vcreinzeltc Glomoriili 
sind hyalinisierl, sonsl sind die Kicrenkbrpercben jntaUl. XJberai! im 
Mark nnd der Rinde siciil man verslrentc kleinere, liyporamisdie Slellcn, 
leilweise mil Bluliingen in die Kanalcben. Fernor bemerkl man zalilreiclic 
Rundzellenherde, n-elclio zerstorte Kanalcben nmscblicssen, Oder ITanfen 
von hyalinen Massed in Form von Biindern nnd Scbollcn. Die lelzloren 
fiirben sicli bei Jlffli/eri/-Farbnng blan. Die gemindonen Kanidclion zeigon 
keine Degeneralion in Form kyaliner Tropk-ben, vvobl aiicr eine Jeinkornige 
Verfellimg. Sammelrobrchcn nnd Duclnli papillares niebt erwoitert. 


Fall C. 

Obd. 36/44. o, 55 J. Am 31. 10.43 -war der Patientin cin ITiJbncr- 
knoeben im False sleeken geblieben. Sie mirde am 4. il. anfgonoinmen, 
nnd da die Rontgeniintersiicbiing cine Perforation 4 — 5 cm unterlialb 
vom Speiserdhreneingang ergab, mirdc der O.sopliagus von dor reebten 
Falsseite aus freigelegt. Trotzdem licssen sicli Mediaslinills nnd Ahszo.s.s. 
biJdiingen am Fals niclit verbindern, nnd der Znsland dor Kranken mir- 
de immer sdiJecIiter, bis am 20. 1 , 44 der Exitns erfolglc. S. aneli Tab. 11 . 
Wilhrend des Krankcnbansanfenl))ali.s orliiell die Patientin folgcnde 
Sutfatbmolmengon: 4. 11.— 8. 11. 4,5 g, 12. 1 1.— 20. II. 8 g. 27. n.-— 
30. 11. .3,5 g, 5. 12.— 7. 12. 2,5 g, 10. 12.— 17. 12. 7 g, 20. 12.— 25. 12. 5 g 
30, 12—31. 12. 1,75 g, 3,1 — 4. 1. l g, 22. 1. — 28. I. 6,5 g. 

Pathologisch-anatomische Diagnose: Abscess, chronic, rcg. coll, dextr. J- 
Infarct. sept, pulmon. amhor. + Jnfarct. sept. mult, gangl. basal, ccrehr. + 
Abscess, suheutan. cruris dexir. 

Die Nieren wogen zusammen 325 g. Parenchvm bvperamisob In 
der emen Kiere land man im Niercnbeckcn reichlicb Suifall.inzolkristallc 
^md sokbe n-urden in Form kanm sichlbarer Punktehen auch im Paren- 
ebym festgesleljf, Ureteren niebt ausge.spannl. 

£^/der.c«c/mng der Nieren: Die Nieren weisen in den 
lac arciformes nnd intcrlobnIare.s eine wiissige Ein.sfikahnicrplasio 
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Abb. IJ. Obd. 36/44. 


auf, aber keine arteriolosklerolischen Veranderungen. Die Epitiielien 
der gewndenen Kanalcben sind angesclnvollen, zeigen jedoch keine Ver- 
fettung Oder Degeneration in Form liyaliner Tropfcben. Tm Lumen der 
Kanalchen schwach farbbare Kornchen und Fasern sowie vereinzelle hya- 
line Zylinder. Ductuli papillares ein wenig erweitert. Das Nierenparen- 
chym ist tiberall hyperamisch. Ausserdem sieht man verstreute Herde 
mit Blutungen in die Kanalchen. Namentlich in Verbindung mit diesen 
Blutungen, aber auch an anderen Stellen, liegen kleinere Partien, in web 
Chen die Kanalchen zerslorl und durch Rundzelleninfillralion des Gewe- 
bes ersetzt sind. Im Zentrum dieser Partien bemerkt man glomerulus- 
grosse Kliimpchen von hyalinen Bchollen und Bandern, welche sich bei 
Farbung nach Mallory blau und bei derjenigen nach Weigert nicht wie 
Fibrin farben. Die Rundzellen geben nichl positive Plasmazellenfarbung- 
Im Nierenbecken sieht man Epithelabschuppung und Blulung. Das Fett- 
gewebe am Uilus weist Rundzelleninfiltration und Blutung auf. 

Fall 7. 

Obd. 143/43. 57 J. Erkrankte Anfang Marz^ 1943 an Husten und 

Stichen in der linken Seite. Aufnahme in das Krankenhaus am 22. 3. Br-. 
hielt eine Woche lang Sulfathiazolbehandlung mit ziemlich grossen Dosen. 
Bei Ronfgenuntersuchung am 2. 4. uiirde in der linken Lunge die Auf- 
hellung einer zuvor festgeslellten Verschattung konstatiert, zugleich aber 
lateralvvarts eine starkere Verscliattung, offenbar auf Grund eines rand- 
standigen Exsudats. Bei der Probepunktion am 7. 4. ^vurde dunnfliis- 
siger Eiter entleert. 10. 4. Thorakotomie, dann bekam die ICranke ins- 
gesamt 15 g Sulfathiazol wahrend der Zeit 11. 4. — 16. 4. Der Zustand 
besserte sich da wesentlich, Anfang Mai stellle sich aber wieder ein Fieber 
anstieg ein, und die Patientin erhielt da nochmals 15 g Sulfathiazol. S. 
Tab. 12. Am 10. 5. sank die Urinmenge bedrohlich, und es setzten 
uramische Erscheinungen ein. 13. 5. Exitus. 
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Abb. J2. Obd. 143/I3. 


Pafhologisch-analomiscbc Diasnosc: Empyema pleurae sin. opcral. + 
Pneutnonia chronic, pulinon. sni. 

Die Nieren wogeti zusammen 370 g. In tier oinen Niere cine grosscre 
bindegewebige Narbe. Nieronparoncli}"^ liypenimiscli. Auf der Schnilt- 
Ilache sielit man an inebroron SlcJIen pnnktfbnnigc, gclbwipsc Fleckon 
so^volil im Mark wc in der Rinde. Niorenbocken nnd Hnrnleiler nicbl 
env'eitert. Keine Konkrcmenle in diesen. Leber vergrbssorl , von golbrotcr 
Farbe, 

Mikroskopischc Vntcrsuchung der Nicren: Die Kanalchon in der Rinde 
sind eUvas enveitert, und die Epilbelien dcrselbcn sind niclif so liocb mo 
normal. Die Liimina entlialtcn cin diinne.': Nclzavork eincr schvmch Itirb- 
baren, geronnenen Masse. In den E))itliclzcllen siebl mnn keine Degenera- 
tion in Form hyalincr Tropfclicn, keine Verfellung iind keine Verjuiderung 
der. Kerne. Die Sammclrdlircbcu sind dcutlich crweilcrt. Die Oloincrnli 
sind im grossen ganzen inlakl. In den Kapselnimnen bomerkt man jodoch 
einen in geringer Menge vorkotnnicndcn Inlialt mil demselben Ans.sohen 
n-ie in den Kanalclien, ITier und da linden sick liyperami.ccbe Gcbiele mil 
•Bluhmgen in die Kanalclien. Nnmenllicli im jVnscbbi.s.s an tlic.so bj*j)era- 
misclien Parlien werden Horde von Rundzeilen bcoliachlef, i)nvolclion <lie 
Kanalclien melir oder weniger zerfallen sind. In oinom Toil dio.ser Rnnd- 
zellenberde slbsst. man anf ITaufen von byalinen Schollen tmd Riindorn, 
die vereinzelte Epillielrc.sle der Kanalclien urnschlics.sen. Die.se byalinen 
Massen iverden bei Mallonj-Feirhung blau und bci et/n-Gic.w.vfilrbmig gelb. 
Derarligc hyaline Schollen und Bander kommon aiich in cinzelnon Satn- 
melrohrchcn im Lumen vor. In den Nierenbccken i.st dor Epillieliiber- 
ziig zum grossen Toil al)gcsto.ssen. Im llilusfcM siebl man gro.s.se Rund- 
zelleninfillrafe und auch kleinere Nckrosen, In Gofvicrscluulteu von mil 
Formalin fixierlcrn Gewebe mirden keine Kristallc gcfmulen. 

Das makroskopischc Bild der NiercJi isL bei den vorstclicnd 
beschriebenen Fallen etivns nccljsclnd. Bci drei Fallen xMirdcn 
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■weder im Nierenbecken noch in den Harnleitem Oder im, Nieren- 
parenchym ' Konkremente gefunden. Derartige Konkremente 
kamen dagegen bei den vier ubrigen Fallen vor, und zwar teils im 
Nierenbecken und den Ureteren, teils im Parencbym. Im letzteren 
batten sie die Gestalt kleiner, mit dem blossen Auge eben noch sicht- 
barer heller Punktchen. Bei samtlichen Fallen bestanden Hyper- 
amien und Blutungen in das Parenchym, sowie ge-wohnlich auch 
ins Nierenbecken. Ferner wurde im allgemeinen eine odematose 
Anschwellung der Nieren beobachtet. 

Bei alien untersuchten Fallen sind die mikroskopischen Nie- 
renveranderungen gleichartig und lassen sich folgendermassen zu- 
sammenfassen: 

Die Glomeruli zeigen keine Oder geringfugige Veranderungen 
in Form einer geringen Menge von geronnenem Eiweiss in den 
Kapselraumen. Die Kanalchenepithelien lassen eihe gcsteigerte 
Kdrnung erkennen, aber keine Verfettung oder Degeneration in 
Form hyaliner Trdpfchen und keine Kemveranderungen. In einzel- 
nen Epithelzellen wurdc jedoch einige Male eine geringgradige 
Degeneration in Form hyaliner Trdpfchen beobachtet. Die Lumina 
der ge\vundenen Kanalchen enthalten ein diinnes Netzwerk von 
geronnenem Emeiss, welches sich bei MaZlorg-Farbung schwach 
blau und bei aan-Giesonfarbung schwach gelb farbt. Die DuctuU 
papillares sind bei einigen Fallen etwas crweitert. Die lijrvor- 
stechendste Veranderung sind zerstreute herdfdrmige Rundzellen- 
infiltrate, welche im Zentrum einen Klumpen von hyalinen Schol- 
len und Bandem enthalten. Ein derartiges Gebilde ist etwa so 
gross wie ein Glomerulus. Zvoschen den Schollen liegen Rund- 
zellen und vereinzelte Epithelzellen zerfallener Harnkanalchen. In 
gewssen Fallen befinden sich die Kliimpchen im Innern eines aus- 
gespannten Kanals, ein Hinweis darauf, dass sich die Schollen in 
den Kanalchen bildcn. Diese hyalinen Gebilde farben sichhei 
won-Giesonfarbung gelb, bei MaZZory-Farbung blau und bei der 
Weigerischen Fibrinfarbung nicht wie Fibrin. Vereinzelte Scliol- 
len kdnnen allerdings eine schwache Fibrinfarbung geben. Das 
Nierenparenchym weist ausserdem Hyperamie und Blutungen 
auf, namentlich im Anschluss an die Rundzelleninfiltrate. 

Im Nierenbecken werden Epithelablosung, Blutungen und 
Rundzelleninfiltrate in der Wandung beobachtet, sowie auch 
Thronibenbildung in den Venen. In oder auf der Schleimhaut kann 
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man radiar gcstrdflo, rundlichc Korper antrcJfcn, welclic sich 
fSrberiscli ebenso vcrhallcn \s*ic die obenerwahnien Uyalmcn 
Schollen und Bander im Nicrcnparcnclijw. 

Audi im Hilusfett linden sicb bei alien Ftdlcn Veninderungen in 
Form von Rundzcllen- Oder Leukozjncninf illratcn , 

Die obengenannten radiar gcslrciftcn Korper im Nicrenbcckcn 
sind offenbar Ehvcissnicdcrscblagc um Siilfalhiazolkristnllc, die 
bei der Prapariorung dcs Sclinitts ausgclaiigt worden sind. Die 
Klumpchen Iiyalincr Schollen im Nicrcnparcncliym sind allcm 
Anschein nacli analogc Gcbildc, wclchc durcb Ansfallung ^on Ei- 
v'eiss auf Sulfathiazolkonkrcmentcn in den Nierenkanfdchcn ont- 
standen sind. Dicse Sulfatliiazollcrislalle linben den Zcrfall dcr 
Kanalabschnittc, in denen sic liegen, vcnirsacbl, vas Rinulzcllen- 
iniiltralion und Blulungen in die Umgebung smr Folgc hallo. 

Die Nicrenselmdigung ist mithin cine ausgcpragl hcrdfdrmige 
und an denjenigen Stellcn lokalisierl, an wlchen <las Sulfalhiazol 
ausgcfallcn ist. Im Nicrcnhecken lasscn jcdoch die Sulfalhiazol- 
nicderschliigc cine Fernwirkung in Form von Blulungen, Rund- 
zcllcn- odor sclbst cincr Lcukozj’lcninfillralion im HilusfeU- 
gevebc erkennen. Audi Tliromboson kOnnen bier vorkommen. 

Die Bctrachtung dcr Krankcnblatler Ichrl, dass man nicht bei 
alien Fallen beveisen kann, der lodlichc Ausgang sei eihe Folgc 
dor Nierenschadigung. So fohlen bei Fall 5 Angaben fiber die 
Harnmengc und den Restslickstoff fast ganzllcli, und Fall 1 ist so 
kompliziert, dass cs unsicher ist, ob die ReslsliclvStoffsteig. rung 
auf dcr Nierenschadigung hcruhle. Bei <len fibrigcn Fallen dilrric 
allcrdings Unimic unhcslreithar die Todcsursachc geivcseu sein. 

Es ist inclcsscn durchaus nicht leicht, den Mechanismus lieim 
Zuslandekommcn dcr Uramie im cinzclnen feslzuslellen. Einc Cdo- 
mcrulusschadigung kann alien Umslfindcn nach nicht in Betracht 
kommen. Ein mechanisches Mindernis fur den Hnrnabfluss liogf 
bei einigen Ffdlcn vor, aber nichl bei alien. Eine srlnvorore der- 
artige Stoning wirdc nur bei einem Fall konslaticrl. HJcnius er- 
gibt sich offenbar, dass eine nicchanischc Bebinderung diesor Arl 
nicht die einzige Ursaclic der Uriimie soin kann, vemi aucli diesor 
Faktor in gewisson Fallen Bcdoulung besilzon mag. Um cine dif- 
fuse Epithelschadigung sclnvcrcren Charaklcrs handelt es sich 
cbenfaUs nicht; dies sleht in gutem Einklang mil dem Umstami. 
dass die im Urin ausgeschiedenen Eiweissmengen hei alien iCran- 
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ken ausserst gering waren. Die kerdformige Schadigung hat zwar 
zur Zerstorung etlicher Nephrone gefiihrt, aher der hierdurch be- 
dingte Funktionsansfall erscheint nicht gross genug, um die Urii- 
mie zu erklaren. BemerkensAVert ist das regelnaSssige Vorkom- 
men entzundlicher Zellinfiltrate im Hilusfettge'v\'ebe sowie die fast 
konstante Ge'wicbtszunahmie der Nierenr Man-, konnte daher in 
Erwagung ziehen, ob nicht vielleicht das entzundliche Odem bei 
der Funktionsstorung die rvesentlichste Rolle spielt. 

Im Schrifttum wird fiber zahlreiche Falle von Anurie berich- 
tet, die nach Behandlung mit Sulfonamidpraparaten auftrat und 
durch Harnleiterkatheterismus oder operative Offnung des Nieren- 
beckens mit Spiilung behoben rvurde. Ein derartiger Fall ist in 
Schweden schon 1941 von Sjovall und Lindgren beschrieben Wor- 
den. Bei der Zystoskopie sah man, dass die Uretermiindungen 
stark ddematos und geschwollen waren. Aus dem rechten Ostium 
ragte ein aus geronnenem Blut und Kristallen bestehender Pfropf 
hervor. Der Ureter liess sich nicht katheterisieren; man nalim des- 
Jialb die doppelseitige Pyelostomie und Dekapsulation vor.welchc 
lebensrettend wirkte. Erst 8 Tage nach der Operation kam der Ab- 
fluss durch die Harnleiter rvicder spontan in Gang. Bei diescm 
wie bei anderen Fallen lag offensichtlich ein cntzhndliches Odem 
sowohl in der Niere wie in den Urcteren vor. Das Odem der Harn- 
leitermiindungen hat im Verein mit Konkrementen und Blutge- 
rinnseln im Lumen ein mechanisches Hindernis geschaffen. Zu die- 
sem gesellte sich sicherlich die diirch das Odem in der Niere selbst 
bewirkte Funktionsstorung. 

Leichtere Schadigungen dieser Art konnen ohne eine dauemdc 
Stoning der Nierenfunktion ausheilen; dies beweisen viele Falle im 
Schrifttum, bei denen die Kranken nach Anfallen von Oliguric, 
Reststickstoffsteigerung sowie Blut und Sulfathiazolkristallen im 
Urin vollstandig erscheinungsfrei wurden, nachdem man ilmen 
Fliissigkeit und Alkali zugefiilirt hatte. Es ist sogar mdglich, dass 
Sulfathiazolschadigungen der Nieren vorkommen konnen, ohne 
klinische Symptome hervorzurufcn. Ein von LoeWenberg u.a. 
veroffentlichter Fall spricht hierfiir. 
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Zusammenfassung. 

Verf. heschreibt die patliologiscli-anatomisdien Ver&nderungen 
bei 7 Fallen von Sulfathiazolschadigung dcr Nieren, von wclchcn 
mindestens 5 an Uramie ad cxitum gckon\naen warcn. Die Vcr- 
andcrungen waren bei alien Fallen die gleichen und warden Von 
ciner herdformigen Zcrstorung der Nierenkan5lcben an denjenigcn 
Stellen gekennzeiclmet, an welchcn Sulfathiazolkristalle ausge- 
fallen waren. Rings um die Sulfathiazolkristalle in den zerfallc- 
nen Kanalchen ivurden hyaline Eiweissniedcrschlagc rnit pcrifo- 
kalcr Rundzelleninfillralion nnd Blutung konstatiert, welche dem 
niikroskopischen Bild cin ausscrst charalctcristisches GeprSgc vor- 
liehen. Ausserdenr wurdcn Epithclvcrluste ini Nicronbccken und 
Blutungen in dassclbc bcobachtct, sowic cntzundliche Zellinfiltratc 
in seiner Wand und im Hluslell. Verf. crortert die Gcncsc dcr 
Uraniie und kommt zu dem Ergebnis, dass die nichtigste Ursachc 
wahrscheinlicli das durcli ausgefallte Sulfalhiazolkristallc in den 
Nieren und Harnwcgen vcrursacblc cntzundliche Odemist. 
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Inulin as a substitute for Creatinine in renal 

tests. 

By 

GOSTA EKEHORN, Stockholm. 

(Submitted for publication January 24, 1944). 


The attention of kidney -workers has during the last years in- 
creasingly gra-vitated towards the inulin method of Smith and his 
collaborators. At least in Sweden, however, there exists a certain 
want of clearness "with respect to several points of interest in this 
connection, and this is not to be wondered at, seeing how difficult 
present general conditions render every kind of delicate and pro- 
longed research, where intricate and long drawn out series of expe- 
riments are to be performed, and wOrere an un-wieldly mass of as a 
rule most conflicting literature is to be read and thoroughly digested. 

Worst of all from the Swedish nephrologist’s point of wew, 
however, is the literary isolation consequent upon all neigh- 
bouring countries being occupied and practically all foreign inter- 
course broken since years. Library work is rendered very diffi- 
cult, when current numlrers of important foreign journals, and 
especially, more detailed papers are hardly procurable at all or 
only after long delay, and this is most inconvenient in a field like 
renal physiology, where the factors concerned are too numerous 
to be studied experimentally by one single worker or group of 
workers, and where, consequently, mutual interchange and dis- 
cussion of experiences is imperative. 

Prior to discussing the evidence alleged »to confirm the conviction that 
the Inulin Clearance is at the level of glomerular filtration in the human 
kidney» {Homer Smith, Physiol, of the kidney, 1939 p. 26), we recollect 
that the clearance of a urinary constituent is defined as the volume of blood 
in cubic centimetres that is completely cleared of this substance during one 
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minute. In other words, Clearance equals the (minimal) blood volume 
required to contain the same amount of the substance as is contained m 

the urine formed during one minute. 

As no natural urinary constituent is removed completely out of the 
renal blood, i/ie clearance blood aolurnc is o/ course purely theoretical. Only 
about 20 % of the creatinine of the renal blood is thus removed from this 
blood during its passage through tJie kidney, and the real volume of blood 
thus imperfectly cleared of its creatinine is therefore about 5 times the 
volume indicated by the clearance of the creatinine. All other natural 
urinary constituents have lower or very much lower clearances than crea- 
tinine and are removed from the renal blood only in fractions amounting 
to at most a few percent of their resp. totals in the blood of the kidney (cf. 
below page 145). 

If we design clearance of a certain urinary constituent Cl, the blood 
and urinary concentrations of that substance Ct, and Cu, and the volume 
of the urine U, the clearance of this substance is obviously 


1 ) 


Cl = 


U Cn 


because if the substance in question were to be removed completely 
from a portion of the blood passing through tlie kidnc}' during its ex- 
cretion, the volume of blood to be thus cleared should amount to 

Cl Cit 


Moreover, if the substance in question passes in neither direction through 
the tubular ivalls during the tubular passage of tlie glomenilar urine, i. o. 
if the tubules neither by secretion augment the glomerularly filtered 
amount of the substance ncr subtract from that amount by resorbing more 
or less of the substance back into the blood, then it is obvious that the 
clearance of such a substance equals the volume of the glomerular filtrate. 
The glomerular filtrate, F cm^, must obviously contain neither more nor 
less of a substance, that is neither secreted nor resorbed by the tubules, 
than the urine formed out of lliat volume of glomenilar filtrate. As the con- 
centrations of filtrate constituents equal their concentrations in the blood 
we may in this case %vrite, ’ 


2 ) 



U Cn __ 
Cb 


into^ "th? Wool f ^^O'vever, that arc partially reabsorbed back 

mlo the blood from the glomerular urine passing do%vn the tubules the 

that? obviously larger than tlio amount recovered in tlie urine. 


.J^Cb>VCu or F>-^ 
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XJ 0 

As is the clearance value of any given substance, we can in such 

a case write 

3) F->CI,otCI<F 

The clearance of tubularly resorbable substances is thus no measure of the 
volume of the glomerular filtrate but gives a lower figure, and the more 
resorbable the substance is, i. e. the higher the resorbed fraction of the 
filtered quantity, the lower will clearance sink below filtrate volume. 

Clearance and filtrate volume will obviously differ in the opposite 
sense, i. e. clearance will be higher than filtration, if the tubules add by secre- 
tion to the glomerular filtration of a substance. Here 

UCu>FCb; that is, > F 

Cl 

TJ C 

As — — — = Cl, it follows that in this case 
Cb 

4) CiyF 

Smith and collaborators often use the expression Concentration ratio al- 
ternatively to Clearance. As the concentration ratio of a substance is 

the proportion between its concentrations in urine and the blood, 

Cb 

it is obviously proportional to clearance. 

As the Clearances of substances subjected to partial reabsorption in the 
tubules necessarily are lower, and those of substances, secreted by the tubules 
in addition to glomerular filtration, necessarily are higher than the Clearance 
of a substance neither tubularly secreted nor resorbed, the same holds true of 
their resp. concentration rates. If we design substances of the first and 
second groups with r, resp. s, and a substance neither secreted nor resorbed 
in the tubules with 0, the clearances relate as 

Clr<Clo<Cls or 

5) U Cu r U Cu 0 U Cu s 

Cb r Cl o ^ Cl s 

and the concentration rates relate as 


6 ) 


Cu r Cu o Cu s 
Cb r Cl o Cl g 


It is obviously important to decide, which, if any, among renally 
excretable substances is eliminated solely by glomerular filtra- 
tion 'without any participating tubular secretion or resorption: 
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the clearance oi that substance equals the volume of the glomerular 

filtrate. _ , 

Moreover, the filtered amounts of any filtrable urinary consti- 
tuent equal the products of the filtrate volume and the plasma- 
concentrations of the resp. substances; the amounts of these sub- 
stances resorbed (or secreted) by the renal tubules are easily com- 
puted from their filtered quantities and their amounts in the 
bladder urine. Indeed, unless these data are knovoi, it is hardly 
possible, except in verj' rare and special instances, to .discuss any 
quantitative problem.s of renal excretion. 

It is essential to bear the above simple formulas and deduc- 
tions in mind, -when we come to consider the question, whether 
inulin affords better means than creatinine of computing filtra- 
tion volume. The evidence submitted in this question by Smith 
and his collaborators hinges in fact almost entirely upon the cle- 
arances of inulin, creatinine, and some other substances (chiefly 
more or less resorbable carbohydrates). 

Ha Ha 

* ■ 


Comparisons between the inulin- & creatinine-clearances. 

Tlie principal fact, on which Smith and his collaborators build 
their arguments, is that inulin-clearance is loAver than creatinine- 
clearance in man and some other species, especially the anthro- 
poid apes. 

The clearances of creatinine and inulin are said to average 
175 resp, 125 cm® in man, i. e. the creatinine: innl'in-clearance rate 
should be 1.40 : 1 (Physiol, of the Kidney, p. 12 & 18). If the authors’ 
tables (Tables 1, 2 & 3 from Smith & Clarke, Amer. J. Pliysiol. 
1938, vol. 122, p. 134 — ^36) are to be regarded as typical, the creati- 
nine-inu/in-clearance rate may be about the same in orang-utans 
as in man, is between 1.20 and 1.32 in gibbons and chimpanzes, 

IS 1.14 a 1.17 in baboons, and varies between 0.98 and 1.20 in 
monkeys. 

Creatinine and inulin clearances are said to be identical in frog, 
dog rabbit, seal and sheep (Ibid., p. 132), and are indeed stated 
to »differ only m man and the apes, the chicken and the fishesD 
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(Homer W. Smith; Kidney, a literarj' review, Ann. Rev. of Physiol. 
1939, vol. 1. p. 503—28). 

Turning now to the arguments to be derived from these diffe- 
rences of the inulin and creatinine clearances we remark in the 
first place, that the mere fact of a certain substance’s renal clear- 
ance being of this or that order constitutes no independent proof 
as to whether this clearance equals, surpasses, or falls below the 
volume of the glomerular filtrate. This question can only be an- 
swered by comparing this clearance with the clearance of a glome- 
rularly filtrablc urinary constituent, the excretion of which can be 
definitely shown to be neither augmented nor lessened by tubular 
activity. 

I regard it as superfluous to detail here the reasons earlier advanced 
in favour of the view, tlial creatinine is neither resorbed nor secreted by 
the tubules of healthy kidneys and that its clearance consequently gives 
the volume of the glomerular filtrate. It suffices to refer to my earlier 
monograph (G. Ekeliom, Ober die integrative Natur der normalen Harn- 
bildung, 1938), where the theoretical foundation and reliability of Rehberg’s 
creatinine method is extensively discussed in chapter 4, where several 
important points to be observed in the execution of creatinine tests and 
in drawing inferences from their results are detailed in chapter 5, and 
where in chapter 13 numerous experiments are discussed, showng that 
the normal impassability of the tubular epithelium to creatinine has 
certain limits, and in badly diseased kidneys gives "way to a more or 
less obvious inability to hold back all the filtered creatinine in the tubu- 
lar urine, a phenomenon parallelled by increased permeability of the dise- 
ased epithelium towards urea. The creatinine method is therefore some- 
what uncertain in the examination of badly diseased kidneys and.remains 
a method for examining healthy or but slightly alterated kidneys, where 
the results of adequately performed tests are highly reliable and possible 
to confirm in numerous and even rather unexpected details. 

We can now pass over to the argumentation of Smith and 
collaborators which is simply this: 

»Tlie concentration ratio (cf. p. 116) of creatinine is very much 
higher than that of inulin in the dogfish, the red grouper, the 
chicken, and the anthropoid apes. Tlris discrepancy is also evident 
in man; when creatinine is freshly injected into the blood it is con- 
centrated by the human kidney about 40 % more than is inulin. 
Here either 40 per cent of (filtered) inulin is reabsorbed 0” the 
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tubules) or considerable creatinine is excreted by the tubules in 
addition to that which is filtered^ (Homer W. Smith, Physiol, of 
the kidney, p. 12). 

That is to say, Smith stales quite correctly that inulin must be 
subjected to partial rcabsorbtion in the tubules, if creatinine is 
considered according to Rehbcrg to be neither secreted nor reab- 
sorbed by the tubules, resp. that the tubules must secrete part 
of the urinary creatinine, if one regards inulin with Smith as being 
neither secreted nor reabsorbed by the tubules. The icsorbcd resp. 
secreted fractions of inulin and creatinine must in cither case 
obviously, correspond to the difference in the clearances or con- 
centration rates. 

Although the question is staled to be »importanl, since on the 
basis of Rehberg’s early investigations, the creatinine clearance is 
widely accepted as a measure of the rate of filtration », the crucial 
problem of deciding which of the two substances is excreted with- 
out reabsorbtivc or secrctoiyf tubular participation, is nevertheless 
tackled in the following somewhat surprising manner: 

»How can one exclude the possibility of some, even if slight, 
tubular rcabsorption of inulin, which is a carbohydrate^ even 
if a large and very inert one? This question was answered in the 
dog by Shannon, who showed that creatinine and inulin were 
concentrated to precisely the same degrees (and consequently had 
exactly similar clearances). »SimiJar identity in the concentra- 
tion ratios (and clearances) has been demonstrated in the rabbit, 
the seal, the sheep, and, as Forster has recently shown, in the 
frog. Since it is implausible that two substances of such different 
natures as inulin and creatinine should be cither excreted or reab- 
sorbed by the tubules to precisely the same extent in these different 
species of animals, it may be accepted that in llicsc species bolli 
substances are excreted bp fillralion without tubular participation,i> 
(ibid. p. 11—12). 

I agree entirely with the last conclusion, but object to the idea 
of deriving in this manner any argument for ^excluding the possi- 


‘Icmonstmbic by several indcDeiulcu 
mthocis to be reabsorbed by Ibc lubiiles oul of the glomcrulnr fmr.atc Gh 
cose IS normally resorbctl completely .already in the Smal Ss of tb 

c.,rte„y„r.U 
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bility of some, even slight tubular rcsorbtion of inulin» in other 
species where inulin clearance falls below that of creatinine. 

Wlien for man, anthropoid apes, chicken and some fishes the 
question is to be decided, as to whether the renal tubules resorh 
inulin wliilc not secreting creatinine or whether they reabsorb no 
inulin out of the filtrate while excreting some creatinine into it, 
no significance can be attached to the finding, that in other species 
neither suhHance appears to be secreted nor reabsorbed by the tubules. 

In man and other species with higher creatinine than inulin 
clearance the choice is between either of these two alternatives; 

a) secretion of pari of the urinary creatinine and no reabsorptm 
of inulin in the renal tubules; 

b) no tubular secretion of creatinine but tubular reabsorplion 
of part of the glomerularly filtered inulin. 

No argument for or against the one or the other of these alter- 
natives can possibly be derived from the finding, that the tvo 
clearances are identical in certain species, and that the tubules 
here consequently do not excrete or reabsorb any iriulin or creati- 
nine. The question, whether creatinine-clearance is larger or whether 
inulin-clearance is less than the real filtrate-volume in man etc., 
cannot possibly be decided by any reference to other species, 
where both clearances equal the filtrate-volume. 

Smith commits a very grave logical error when attempting to 
support the alternative a) and to rule out alternative b) with 
findings that conflict with Iroth alternatives. In doing so, he con- 
structs an argumentative sequence of an altogether illusorj'" nature, 
as he takes account only of a certain part of the findings from 
frog, dog, rabbit, seal, and sheep, namely, that no filtered inulin 
is resorbed by the renal tubules of these species. He disregards 
entirely the remaining half of the same findings, namely that the 
tubules of these animals do not secrete any creatinine, and he for- 
gets that this part of tlie findings conflicts wth the first irn.plica- 
tion of alternative a) quite as much as the other part of the same 
finding conforms to the second im.plication of alternative a). 

The altogether illusory nature of such reasoning becomes 
obvious, if we repeat Smith’s argumentation with the difference, 
that we discard from consideration that part of these findings on 
frogs, dog etc. .that refers to inulin and take account only of what 
refers to creatinine. We should then say, that alternative a), (i. e. 
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tubular secretion of creatinine) is out of the question in man and 
apes as tubular secretion of creatinine docs not occur m fi'og’ 
etc.; hence, only alternative b) had to be considered, and the diffe- 
rence between the inulin- and creatinine-clearances in man and 
apes should be due to tubular resorption of filtered inulm! 

In other words, in man and apes the clearances of inulm and 
creatinine relate to each other in the manner of the equation 

X : y = a 

where a ^ 1, but they relate to each other according to the equa- 
tion 

X : y = 1 


in frogs, dog, rabbit, seal, sheep etc. 

These equation's, however, contradict each other and cannot 
possibly be combined and introduced into a common equational 
system. 


It is therefore the more surprising to find Smith end up the 
above line of argumentation with the remark (Smith, Physiol, of 
the Kidney p. 12), that he feels the evidence, criticized here, »con- 
clusivo), although he admits it not having been able »to convince all 
investigatorsn, sit is gratifying#, continues Smith, »that we arc 
able to add supplementary’' facts at this time#. 

Still more surprising, however, is the circumstance, that the 
evidence detailed on the following page 13 of Smith's book has no 
bearing whatever on the two questions to be decided, namely whether 
inulin is not reabsorbed and creatinine consequently is partly 
excreted by the renal tubules of man, anlropoid apes, chickens 
and fishes, resp. whether creatinine is not excreted and inulin con- 
sequently is partly reabsorbed in the renal tubules of the said 
species. 


The numerous investigations quoted here by Smith show in 
fact a) that inulin is filtrablc in the glomeruli of frog and Necturus, 

b) that inulin and creatinine have equal clearances in the dog, and 

c) that neither creatinine nor inulin is excreted by the tubules of 
frog, rabbit, and dog. Although these findings are interesting in 
themselves, none of them eontains any observation hcarmg on pos- 
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sihle tubular reabsorption of filtered inulin in the kidneys of the 
Antliropoids or man, and still less any observation negativing such 
reabsorption. None of these observations contains further any evi- 
dence in favour of tubidar excretion of creatinine. Tliose observa- 
tions contain in fact no »supplementary evidences whatever in 
favour of Smith’s view of tubular creatinine excretion and tubular 
nori-Teabsorption of inulin in man, apes etc. 

As a matter of fact, the evidence of Smith’s point b) is not supp- 
lementary to his main argument, as identity of the inulin- and 
creatinine-clearances in the dog is a fact already comprised in the 
main argument and found to afford no means of deciding the issue 
discussed. Nor have his points a) and c), i. e. that inulin is excreted 
by glomerular filtration and not by tubular secretion, any bearing 
on the question, whether or not filtered inulin partly is resorbed in 
the tubules of man and apes. It must be recollected, that the renal 
tubules of man according to Smith’s own express statement reab- 
sorb about 50 % of filtered urea and on an average reabsorb no 
less than 124/125 of the filtered water. Excretion by means of 
glomerular filtration is, of course, no guarantee against subsequent 
tubular resorption of even very large fractions of the filtered 
amounts. 

* * 

Nevertheless Smith continues on pp. 13 — 15 of his book: 

sDeferring for a moment further discussion of the excretion of 
inulin in man, we will tentatively assume that this polysacharide 
is filtrable through the glomeruli in the same concentration per 
unit of water as it is present in the plasma; thereafter it passes 
down the tubules like a stream of inert marbles, the filtered quan- 
tity suffering neither increase nor decrease in consequence of tubular 
excretion or tubular reabsorption». Some simple consequences of 
this conception are then sketched and illustrated by rather obvi- 
ous diagrams, whereupon the above »tentative assumption is 
restated in the following very positive manner, no further evi- 
dence having been submitted so far; sRewording the above dis- 
cussion, we may say that inulin is cleared from the plasma exclu- 
sively by a process of glomerular filtration, unmodified by tubular 
reabsoipition or tubular excretion*). 

Tliis passage from a »tentative assumptions to a most posi- 
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tively wdcd assertion is most startling, as no evidence lias been 
submitted bet'iveen mere assumption and positive assertion, and 
as the evidence submitted prior to the stentative assertiono is of 
an altogetbcr illusorj' nature. 


The clearances of several sugars compared with the 
clearances of inulin and creatinine. 

Very suiprising are also those inferences from the renal behavi- 
our of carbohydrates, which Smith submits in support of his view 
of creatinine being excreted and of inulin not being reabsorbed by 
the renal tubules of man, anthropoid apes, chicken, etc. Prior to 
discussing those inferences, however, we must recapitulate several 
points concerning the renal fate of various carbohydrates. Some 
detail is required here, as it is exceedingly difficult even for the 
initiated reader to follow Smith and his co-workers’ discussion. 
Tlicir argumentation is open to many remarks, as many relevant 
observations bearing on the question inulin versus creatinine often 
arc found in other places in their papers. Also the more compre- 
hensive discussions of this question are often repeatedly intemiplcd 
by lengthy escapes into quite other matters or by masses of lite- 
vary quotations with no bearing on the main theme (cf. p. 122 
above). Nor is the argument, when proceeded willi again after 
such digressions, always taken up where it was loft. Most 
embarrassing to the reader, however, is the rejiealcd occurrence 
of incomplete consideration of experiences bearing on the main 
question. Thus, for instance, only a ccriain part of the experi- 
mental e^^dencc may be taken into consideration, although the 
remainder of the sam.c evidence lias a.s much bearing on the same 
question and,indced,may profoundly affect the inferences drawn. 
Tliis is veiy' confusing, c.specially as Smith’s argumentation proceeds 
on so enthusiastic lines that the reader easily forgets or fails to 
notice the omitted parts of the observations discussed. 

* * 

* 


Tubular resorption has been demonstrated in the case of glucose 
and a great number of other carbohydrates. 
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As to glucose, the facts of its regular presence in the blood and its 
absence from normal urine are already certain proofs of its tubular resorp- 
tion, as it is established beyond doubt that glomerular urine is an ultra- 
filtrate from plasma containing all filtrable plasma constituents in their 
plasmatic concentrations (cf. Ekehorn, Principles of Renal function p. 
348 — 472 — 476, Ekehorn i>tJber die integrative Natur der normalen Ilarn- 
bildung p. 30 — 31, 89 — 109. Ekehorn, Virchow’s Archiv, vol, 285, p. 455— 
60.) This is also confirmed by puncture experiments on amphibian kid- 
neys, as chemical examination of withdravm glomerular fluid shows glu- 
cose al-vvays to be present, as long as there is glucose in the blood (hiber- 
nating frogs may have glucose-free blood sometimes); attempts to estimate 
the glucose quantitatively in glomerular urine show concentrations so near 
its plasma concentration as to come ivithin the analytical error of such 
exceedingly difficult and rather uncertain determinations. Tubular resorp- 
tion of all the filtered glucose (unless there is hyperglucosaemia) is evident 
in frogs from the absence of glucose from simultaneously formed bladder 
urine, and is confirmed by tubular punctures showdng it to disappear from 
the urine already in the proximal part of the first convoluted portion of the 
tubules in frogs (cf. Ekehorn, t}ber die integr. Natur der normalen Harn- 
bildung, p. 1407, Glucose, and 1420, Punktionsversuche.). First in hyper- 
glycaemia, when abnormally much glucose is filtered in the glomeruli, 
do more or less considerable fractions of filtered glucose escape tubular 
resorption and appear in the bladder urine. 

Fructose has not been much used in renal experiments, but its close 
chemical affinity to glucose, its occasional occurrence together with glu- 
cose in diabetic urine, its rare occurrence in non-diabetic urines in spite of 
its not unfrequent, and according to some authors regular presence in 
small quantities in the blood, and in trans- and exudates, and several 
other circumstances as for instance the high degree in which it is utilized 
bj' the body — everything points decidedly in the direction that fructose 
and glucose behave rather much in the same way in the kidney. Thus 
fructose is about as readily filtrable in the glomeruli and as resorbable in 
the tubuli as glucose, and in no way are we justified ih regarding fructose 
as badly resorbable in the tubules. 

I have suggested, that the high tubular resorbability of these sugars depends 
on the fact of their having a common isomer, enol, which is a pretty strong acid, 
readily dissociates electrolytically, and always appears in minute, stoechio- 
metrical proportions in glucose- and fructose solutions. This would bring the 
very complete reabsorplion of these sugars in line with the resorption of elec- 
trolytes going on in the proximal portion of the tubules (Ekehorn, Gber die 
integrat. Natur d. norm, Harnbild., p. 1037 — 40 ). We must recollect, that 
only a minnte fraction of the glomerularly filtered electrolytes makes its escape 
into the bladder urine as is well illustrated by the curves 6 and 7, p. 174 — 75 01 
the quoted book. 

The fact is that other sugars, used in renal experiments, none of which 
have enol as an isomer, are very much less resorbable in the tubules than 
glucose and fructose. 

Lactose, when escaping in traces into the blood from the mammar glands 
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duriRtr kctalion and the last periods of pregnancy, appears readily in the 
urine ^and its clearance, thougli lower than the clearances of both inulm 
and creatinine, yet conies sufficenlly near the latter to make it possible to 
use lactose as a means of approximately estimating the volume of the 
glomerular filtrate (Ekehorn, tJber die integr. Natur d. normalen Harn- 

bildung, p. 493—501—503). , , , , , , , i 

Xylose is another badly resorbable sugar, tliat has been used a good deal 
in renal research as have also Sochorose and Jiafjinose. Indeed, these three 
sugars rvere at first believed not to be resorbable at all in the renal tubules 
or not reabsorbable to any appreciable degree, and wore believed to have 
very much the same clearances and concentration ratios as creatinine, 
the" complete tubular irresorbality of which has never been disputed for 


healthy renal tissue. 

This opinion, which also the present author to some degree has shared, 
was based chiefly on the earlier works by Smith and his co-workers; their 
later investigations, however, have sIioato that xylose and sucrose are to 
some extent reabsorbable in the renal tubules (Smith, Physiol, of the 
Ividney, p. 10— 11) (Raffinosc appears not to have been reexamined). 

The clearances and cone, ratios of xylose and sucrose are said by Smith 
to amount to c:a 80 % of clearance and cone, rates of inultn in dog, sheep, 
man, and certain fishes. As imilin-clcarance equals creatinine clearance in 
dog and sheep, but only amounts to some 70 % of the latter in man, the 
clearances of xylose and sucrose may be 80 % of the crcatinuic clearance 
in dog and sheep and only 50 % of the creatinine clearance in man. 
That is to say, about 20 % of filtered xylose and sucrose should be reab- 
sorbed by the tubules of dog and sheep; in man 20 % should be thus reab- 
sorbed if inulin clearance is the correct measure of glomenilar filtration, and 
slightly over 40 % if creatinine clearance is the correct measure. 


* 

* 


* 


The idea of partial tubular rcabsorjiliop of xylose cle. does not 
1 est, hoy ever, merely on the fact that its clearance and concentra- 
tion ratios arc lower than those of inulin and creatinine (cf. flic 
formulas p. 115 & 116). This idea is definitely confirmed also hj' 
the result of experiments wlterc the tubular mechanism for glu- 
cose rcabsorption is so to say saturated by a strong elevation 
of plasma glucose, I append a table from Sliannon (James A 
Shannon, Tubular rcabsorption of xylose in the normal dog. 
Amer. J. Pliysiol., 1938, vol. 122, p. 778) 

durmg Bormoglycacmm amounts lo 78-81 «/ crenlininc clonr- 

P 6 and 10-12 wlicn glucose in plasma has reached the 
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Table 1. 

Showing the effect on rcabsorplion of the saturation of the gtucosc rcabsorntw 
mechanism by an elemtied plasma glucose ' 

Experiment 36D, November 5, 1937. Dog G, weight 20 kgm., S. A.. 0.81 
sq.m. The clearance ratios starred arc periods showing frank glycurcsi.s. 



:31- :40 
- :51 
- 1;01 
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5 -1:49 

6 -1:59 
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1 cin“ 
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500 cm'' water by stomach tube 
3 grams creatinine and 5 grams xylose intravenously 
Infusion 6 cm® per minute: creatinine 0.7 per 
cent, xj'lose 1.5 per cent 


10.22 

67 

31.3 

84.7 

M 

58.0 

9.C3 


32.2 

82.G 

Bn 

57.2 

9.90 

72 

33.0 

81.0 

71.6 

56.7 



Infusion 6 cm® per minute: creatinine 0.7 per cent, 
xylose 1.5 per cent, glucose 20 per cent 





.20 

403 

34.0 

74.3 

.85 


33.7 

74.1 

.60 

467 

33.8 

75.2 



Infusion 6 cm® per minute: creatinine 0.7 per cent, 
xylose 1.5 per cent, glucose 4 per cent 


7 

2:25-2:36 

5.82 

304 

34.7 

82.6 

69.3 

64.9 

8 

-2:45 

5.30 


35.1 

83.7 

73.1 

66.9 

9 

-2:54 

5.00 

260 

35.4 

84.2 

74.2 

67,2 



Infusion 6 cm® per minute: creatinine 0.7 per cent, 
xylose 1.5 per cent, 'glucose 40 per cent 
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-3:55 
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very Jiifili ol 403-^167 mg per cent, resp. the still higher 

figures of 807-921 mg per cent. Tlicre is marked glycosuria and 
poVaria duripg the Avhole of these periods. Tlic effect is somewhat 
less marked during periods 7-9, where plasma glucose varies 
between the figures of 260-301 mg per cent and vdiere glyco.surm 
anti polyuria arc less; yet xylose clearance is already here 
distinctively elevated over the Miormab) and amounts to 90—91 % 
of creatinine clearance. It is worth attention that the xylose 
concentration in plasma remains vcr>' much the same during the 
whole of this experiment, and that the small concenlration varia- 
tions that occur bear no relation to the differences of xylose clear- 


ance. 

The following conclusions can be based on these results: 

a) As long as the rcabsorbtivc mechanism of the tubules for 
glucose — the existence of which is rendered beyond disimtc by 
the evidence referred to on p. 124 above — has to resorh just the 
ordinary amount of filtered glucose it has still resorplive powers 
to spare, especially wlicn blood sugar concentration is decidedly 
below the threshold as in periods 1 — 3. Not lieing engaged to its 
full capacity in reabsorbing the glucose, this juechanism roaJi.sorhs 
in addition a fraction of the filtered xylose. 

b) The chances of the ghicose-rcsorliing nuThaiiism having 
capacity to spare for reabsorption of the rather Iiadly resorliahle 
xylose are progressively lessened in hypergh'caemin, when so 
much glucose is contained in the filtrate, lliat this mechani.sin fails 
to reabsorb all the glucose from the glomerular filtrate streaming 
down the tubules. Although Ic.sscncd, these chances are not guite 
abolished, liowcver, so long as (he glucosuria is moderate as in 
periods 7 — 9. 


c) ^^ilh massive hj’peraenria and marked glycosuria, i, e. when 
an abundance of glucose-molecules arc left hack in the tubular 
urine, the competition of these molecules prevents the inert xylose 
molecules from reachius llio reabsorplivc lubular meelumism. so 
that the latter have practically no chance lo gel caught an, I rcah- 
and the whole or vcr,. nearly Ihe 4„U. „t the lilu.;: , 
xyJose passes doAvn into the bladder urine. 

possibly },c raised against Shannon and 
IS mteipretalionof these experiments in so far as it conforms 
to the arguments raised .sub a) to c): xylose is .affocteil by Urn 
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normal tubular reabsorption of glucose, so that a fraction of the 
filtered xylose is as it were sucked up by the tubules conjointly 
wth the glucose; during hyperglycaemia the tubular mechanism 
for reabsorption of glucose becomes »saturated» with glucose, fails 
to reabsorb as much xylose as before, and finally the xylose is shut 
out completely from reabsorption by the. excess of glucose. Tlie 
clearance of xylose will thus approach and finally become identical 
with creatinine clearance, neither substance being reabsorbed by 
the tubules. 

The ideas, that xylose is partly reabsorbed in the tubules, and that it 
is reabsorbed by the tubular mechanism resorbing glucose, are made still 
more evident by experiments wlh phloridzin. Increasing doses of phlorid- 
zin given for instance to a dog will, in fact, gradually change xylose clear- 
ance from a value well below creatinine clearance to equality with the 
latter, and this effect is incontestably due to phloridzin blocking glucose 
reabsorplion in the tubules (cf. below p. 137). Blocking that mechanismso 
that it is rendered quite inactive and unable to reabsorb any glucose at 
all, is of course another ivay of preventing xylose being resorbed by it. 

Before passing over to other experiments, however, emphasis 
should be given to the fact, that the behaviour of xydose in hypcr- 
glycaemia according to Shannon’s paper reveals nothing whatever 
enabling us to decide the question, whether inulin or creatinine 
clearance is tlie correct measure of filtrate-volume in such species 
where the two clearances differ. It will be remembered, that dogs, 
the objects of Shannon’s experiments, are among those animals, 
where creatinine and inulin have equal clearances and concentra- 
tion rates; when xylose ivith increasing degrees of hyperglycae- 
mia reaches a clearance and a concentration rate equal to those 
of creatinine, these therefore obviously equal those of inulin as well. 
All we can say is, that cessation of tubular xylose reabsoiptioji ren- 
dering xylose clearance identical with creatinine and inulin clear- 
ances is another strong argument against tubular excretion or 
resorption of either creatinine or inulin as far as dogs and other 
species with identical creatinine and inulin clearances are concern- 
ed. 

It is therefore rather curious to find Shannon’s results referred 
to in the followng way by Smith (Smith, Physiol, of the kidney, p- 
24). oShannon has recently shown» (in the paper, quoted above) 
)>that in the dog and man (unpublished) during hyperglycae- 
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mia when tlic glucose reabsorbtivc mechanism is loaded to capa- 
city, xylose is excluded from tubular reabsorption, and the xylose 
clearance rises to identity with the inulin clearance)). 

Although the statement is coiTect in that sense, that a quantity 
which equals creatinine clearance in dogs also equals inulin clear- 
ance, it is nevertheless a curious form of reference to a paper, 
where xylose clearance in fact has been compared only to creati- 
nine clearance, and where inulin is not mentioned with one word. 
Nor is Smith’s statement happily formulated in view of the impres- 
sion that it is likely to produce on readers vdthout very special 
knoAvledge in these matters or who we unprepared to employ 
much time and criticism in finding out the facts behind the words. 
Smith’s omission of cvciy^ reference to creatinine is no doubt likely 
to create in such readers the impression of a strong point having 
been scored in favour of inulin in the question inulin versus creati- 
nine. It is a condfifio sine gua non for a substance to be used for 
determination of the filtrate volume that the tubules do not aug- 
ment or diminish its filtered amount. If it can be indirectly derived 
from Shannon’s experiments, that this is true of inulin in dogs why 
not mention that it is equally true of the substance actually exa- 
mined, creatinine, and why not point out, that the experiment 
advances no argument in favour of the one more than of the other 
substance. 


Equally obscure is Smith’s reference to Shannon’s at tlial lime unpub- 
lished paper on xylose during hypcrglycaemia in man. (It lias been unacccss- 
ible in Sweden at present) I cannot but regret Smith’s omission lo give any 
particulars of that experiment. It is tnie, that, tlic clcaranco.s of inulin 
and creatinine differ in man, but nothing wlialever can be regarded as 
having been es{abli.sbed in the qi^estion, as to wlietlier inulin is a truer 


measure of filtration than creatinine in man, as long as wc arc not informed 
of whether, for instance, tlic clearances of xylose and inulin during hyper- 
glycaemia have at all been compared wlb that of creatinine. Does, in 
other words, the inulin clearance still remain lower Ilian crcalinjnc clear- 
ance, or does it approach to or even becomo identical wdlli the latter during 
hypcrglycaemia in man, as is the case ^vith xylose clearance in dogs? 
Finallj', what degree of hyperacmia itos induced jn the test persons? It 
must be remembered, that a blood sugar level of over -100 mg per cent is 
required in dogs (cf. table, 1 ) in order ip render tbo clearances of xwlosc 
and creatinine equal, although they ordinarily differ by no more than a.s 
75-80 to 100, meaning, flial only 20-25 o/„ of filtered xylose is reab- 
sorbed. In man there may bo a question of excluding two jorcign carlo- 
lydrates from partaking m glucose rcabsorption, the one of which is rosorbed 
.9 — Acta mcd. scandinao. Vol. CXVIII, 
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to about tbe same degree as is xylose in normal dogs, and the other one to 
about twice that degree {about 20 per cent of filtered inulin and about 
44 % of filtered xylose may be resorbed in man (cf. figures p, i25) 
Conceivably a degree of h^perglycaemia very much higher than 400 mg 
per cent may be recpiired in man before this occurs. Is such a degree ol 
hyperglycaemia possible to induce experimentally in man without the 
gravest inconvenience to the experimental subject? Again, if it has not 
been reached, Shannon’s unpublished experiments can hardly be regarded 
as conclusive. 


♦ 

♦ 


1 ^ 


Phloridzin experiments. 

Turning now to the behaviour of carbohydrates in phloridziniscd 
kidneys the matter is summed up by Smitli in this surprising way 
(Smitli, Physiol, of the kidney, p. 25). »It lias long been known 
that the drug phloridzin induces glucosuria at all plasma levels, 
and in our first studies we attributed this to the blocldng of the 
reabsorption of glucose in the tubuleso, (reference is here made to a 
paper published 1932 by Joliffe, Shannon, and Smith). AVhen 
phloridzin is administered to dog or man the process of sugar 
reabsoiption by the tubules is completely abolished so that not only 
the glucose but also the xylose and sucrose clearances are nearly 
or quite identical with the inulin clearance, and prior to direct 
examination, we may anticipate that after phloridzin this identity 
will include sorbitol and mannitol.D (Sorbitol and mannitol are two 
hexahydric alcohols, the clearances of which are said practically 
to equal inuhn clearance in dog and man, (cf. Smith, ibid. p. 
23—24.) 

Although both these sentences are perfectly correct on strict 
literal interpretation, yet they do not cover the whole of the matter 
and do not assist the reader to orientate himself objectively and 
adequately. 

Turning to the first of the two quoted sentences, it is certainly not 
wrong in a strictly formal sense to say that phloridzin has long been known 
to induce glucosuria irrespectively of the level of the plasma glucose and to 
Say that Smith and his collaborators dn their first studies^ published 1932 
interpreted this phenomenon as due to blocking of tubular glucose reab- 
sorption. Nevertheless, a reference at least to Leif Poulsson had not been 
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out Of place in a book like Smith’s ^Studies in the physiology of the 
kidney.) the chapters of which were originally delivered as honorary 
lectures' at a distinguished university, especially as Poulsson’s clever 
work forms the basis of so many of Smith’s and his collaborators’ o^vn 
studies. De Boer and Verney were the first to perform this experiment 
und to elucidate the mechanism of pbloridzin diabetes (J. Physiol, vol. 
58 1923, p. 433) Poulsson reinvestigated the matter and succeeded in 
making observations of wide interest to renal physiology in general (ibid, 
vol. 69, 1930, P- 411). Poulsson confirmed that phloridzin diabetes 
is due ' to the drug blocking the normal tubular reabsorption of 
glucose. This was incontestable already because of the observations con- 
tained in his o^vn paper, and' it has never been seriously disputed after- 
wards. On the contrary, it appears now still more definite in view of later 
advance and experience of renal physiology. Nor is the other major result 
of Poulsson’s paper without interest in this connection, as it forms the 
starting point and the basis of all such experiments, including those of 
Smith and collaborators, where concentration ratios and clearances of 
various substances are equalized to those of substances, held to be norm- 
ally unaffected by tubular activity and therefore suitable for determining 
the volume of glomerular filtrate. Finding that in the sufficiently phlorid- 
zinised dog the concentration ratio of the glucose regularly rose from zero 
before phloridzination to over 75 h 90, in other experiments even to over 
95 % and 98 % of the concentration ratio of creatinine, Poulsson found 
in this a strong support of the renal filtration reabsorption theory as well 
as of the reliability of Rehberg’s method; this was so much tlie more the 
case, as Poulsson was able to refer to similar results Tvilh inorganic sulphate 
injected into the blood of unphloridzinised dogs. Seeing that two so dif- 
ferent stuffs as creatinine and inorganic sulphate are concentrated by the 
kidney to almost the same very high degree {and consequently have almost 
ec^al, high clearances), and seeing that glucose is brought quite into line 
with these two under conditions only to be understood as blocking of its 
normal and undisputable tubular reabsorption, we cannot wonder at 
Poulsson’s statement as to the improbability of any process of renal secre- 
tion partaking in the excretion of any of these three substances. It is but 
natural that Rehberg with great interest accepted this support for his 
creatinine method. At the same time Rehberg’s critical acumen is under- 
lined by the fact that he clearly realized, that comparisons between clearan- 
ces and concentration ratios offer no incontestable means of verifyinir 
rebsorption theory as sucli, nor tests like his ovm 
method With this critical standpoint also I entirely agree (Ekehorn 

marta'^b m integr Natur d. nor- 

mal. Hambildung, p. 101—05). 
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Turning now to the second of the two sentences quoted above 
on page 130 we do not for a monrent dispute the formal correctness 
of the statement, that phloridzin renders the clearances and con- 
centration ratios of not only glucose but also of xylose and sucrose, 
and presumably also of sorbitol and mannitol, equal -ftdth inulin 
clearance and concentration ratio. 

Apparently, the quoted statement gives the impression of a 
good many important points having been scored in favour of the 
inulin method. Inulin appears as a substance, or rather as the 
substance which is unaffected by tubular reabsorbtive activity, 
when quite a number of substances like glucose and xylose ^ — that 
othervdse are reabsorbed completely or partially out of the glomer- 
ular filtrate streaming down the tubules — have the same clear- 
ance and concentration rate as inulin only Avhen tubular reabsoip- 
tion of glucose and other carbohydrates is paralyzed by phloridzin. 
If the reader then recollects the evidence detailed by Smith on p. 
13 of his book (cf. p. 121 above) showing that inulin is filtrable in the 
glomeruli and that it is not secreted by the tubules, an extra- 
ordinary degree of critical acumen will certainly be required in 
him for not to infer, that inulin, being filtered in the glomeruli 
and apparently neither secreted nor reabsorbed by the tubules 
perfectly satisfies all requiremente for a substance to be used 
(p. 115) for computing the volume of the glomerular filtrate, this in 
contradistinction to creatinine on the suitability of which Smith 
casts so many doubts. Such inferences simply cannot be avoided, 
when the quoted statement as in Smith’s book comes on the top of 
repeated assertions that this is the correct way in which to regard 
these m,atters. 

The total irrelevance and inadequacy of such inferences becomes 
obvious, however, on taking the following point into consideration. 
The clearances and concentration rates of glucose, sucrose, xylose etc. 
during phloridzination equal clearance and concentration rate of 
creatinine quite as much as those of inulin, because according to the 
investigations by Smith and his collaboratours themselves the 
clearances and concentration rates of inulin and creatinine are: 

Either identical vith one another at the outset (frog, dog, 
seal sheep, rabbit etc.), and they remain identical under phlo- 
ridzin. 

Or they will get equal vdth one another under phloridzin in 
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those species where they differ in the not phloridmised kidney 

(ntan> antropoid apes, etc.) (cf. table 2). 

The argument apparently contained in the fact, that xylose, 
sucrose, glucose etc. obtain identical or almost identical clearances 
Tvith inulin under phloridzin contains tliercfore nothing whatever 
enabling us to preclude the followng possibilities: 1) that inulin is 
subjected to partial xeabsorption by.the .tubules of such species 
where inulin has a lower clearance than creatinme, 2) that this 
resorption of inulin ceases and its clearance is rendered equal 
with that of creatinine during phloridzination; 3) that in such 
species inulin behaves just as xylose and sucrose alwa 3 ^s do when 
tubular carbohydrate reabsorption is specifically paralj'-zed (phlo- 
ridzin) or othcrw’ise blocked to foreign carbohydrates. 

Tlic only differences beUVeen inulin and other carbohj-'drates 
would then be, that xylose and sucrose arc partially reabsorbed in 
the tubules of all species, w’hercas inulin is only so reabsorbed bj' 
some species (man, apes, chicken), and ihai phloridzination there- 
fore will affect the clearances of xylose, sucrose, and glucose in all 
species, rendering them equal wdlh creatinine clearance, whereas 
it can affect inulin clearance only in those species w'here inulin 
clearance prior to phloridzination differs from creatinine clearance. 
Tnulin clearance cannot, of course, be affected al all in those .species 
(dog, rabbit, seal, sheep etc.) where inulin is never resorbed and 
where cessation of sugar reabsorption thus causes no increased 
fraction of the filtered inulin to pass dovn into the urine. 


Deferring for a moment further remark.s on this subject, we 
submit here a table from Smith and Clarke (Smith and Clarke 
Amcr. J. Ph^'siol., 1938, vol. 122, p. 132-39) showing Uic equalisa- 
tion oj inulin and creatinine clearances during phloridzination of a 
chimpanzee. Although only the lower half of the table details the 
effect of pliloridzin, we reprint also its upper portion, that will 
be referred to bclow'. The vciy significant data of our column Vm 
are omitted in Smith and Clarke’s original table; they arc easily 
computed, however, from their data in columns VII and IX. 

Looldng at the. data recorded in the lower half of the table we 
sec how the clearances of creatinine and inulin, which prior to the 
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Table 2. 

Effect of elevated plasma creatinine and of phloridzin on crcatinine/inulin 
clearance ratio in chimpanzee »Lucy» $ Surface are 1.19 sqm. Sodium amytal 
90 resp. 65 mg per kg. Italicized figures, right bottom comer, give glucose: 
• inulin clearance rate. 



Elapsed 

time 

minutes 




Plasma 

mgm per cent 

Glearance 

Inul. 

Great. 

Glu- 

cose 

Inul. 

Great. 


Clearance 

ratio 



From 2 — S min. 8 g Inul. + 1.2 g Great. + 50 cm® HjO intra- 
venously. 10 — 188 min. 5 % Inul. -f 0.5 % Great, -f 0.8% NaCl 
intravenously, 3 — 5 cm® per min. 


60— 90 
90—107 



.3 

152 

.5 

158 



i 

72 

90 

73 

89.8 



5 % creat. added to infusion fluid at 107 min. 


3 

134—150 

5.4 

4 

150—172 

6.0 

5 

172—186 

6.4 


mi 


99 

94 

96 

96 

93 

93 




Greatinine-free infus fluid returned at 188 min. 


238—256 

3.1 

165 

44.4 

287—305 

2.3 

164 

30.0 




Effect of Phloridzin 

2 — 7 min. 8 g Inul. -f 1 g G at. -f 50 cm® H.O intravenously. 
10 min. 0 end as above. 


131.8 

144.8 
106 I 131.4 


30 g Glucose in 250 cm® H.O per os, 4 g phloridzin intravenously 
at 102—117 min. 


1 

27— 62 

3.2 

88 i 

9.4 

2 

62— 82 

4.7 

136 

11.7 

3 

82—100 

4.8 

153 

13.2 




4 132—150 

5 150—168 

6 168—185 


13.3 

10.0 

8.1 

170 

175 

178 

16.3 

17.4 

18.2 

153 

138 

124 

66 

66 

68 

70.6 

70 

69 

III 

1 

IV 

m 

VI 

I 

VII 

VIII 


1.06 (.0.94) 
1.02 (0.99) 


















































IXULIN AS A SUBSTITUTE FOIl CBEATININE IN IlENAt TESTS. 135 

phloridzination relate to each other as 1.22—1.27 to 1, cojnc very 
close to one another during phloridzination and even become 
almost identical in the last determination. 

Now, the mere fad that a difference between two objects A and B dis- 
appears gives in itself no clue whatever for deciding (vhclhcr A approaches 
B, or whether E approaches A, or whctlier both A and B approach each 
other so as finally to coincide. Kor can any clue to this question be derived 
from the absolute magnitude of the creatinine and inulin clearances, 
because they are both far loo variable for it being possible to say. rvhether 
tlieir equalisation is due to absolute increase of the one, or to absolute 
decrease of the other. Tims, their equalisation in periods .T— 5 of the first 
experiment of table 2 is not due to absolute falling off of creatinine clear- 
ance, because the latter is, absolutely, at least quite as low in periods 1 and 
2, where the usual difference between the iniilin- and creatinine-clea- 
rances is fully maintained. Nor can the equalisation of the l%vo clearances 
in period 3 — 5 be derived from absolute increase of the innlin-clcarance, ns 
is evident from periods G and 7, where the inulin-clearance again is lower 
than creatinine clearance, although of quite the same absolute order ns in 
periods 3 — 5. 


Secondly, the phloridzin-expcrimenl in the lower half of the same table 
demonstrates in still another way the impossibility of using the absolute 
order of the two clearances for deciding, whether their equalisation is due lo 
the inulin-clearance approaching llic clearance of creatinine, or versus. We 
see, that the inulin clearance falls off during phloridzin from 100 h. IM to 
66 a 68, while the creatinine clearance falls from 131 — l-tfi lo 69 — 71, i. e. 
the two clearances are cut in half, or nearly so. Tliis nbsoliilc reduction of 
the clearances is, as a matter of fact, attributed by the authors to disturb- 
ances in renal circulation with consequent reduction oI glow enihr fill ra- 
tion. The volume of the glomeniiar filtrate possibly becoming reduced, 
the filtered amounts of both substance.': will be reduced in the same pro- 
portion, but a somewlial greater absolute reduction of total clearance will 
result for creatinine than lor itmlia quite irrespccthcly of whetlur'phloTUi- 
zin abolishes an earlier creatinine excretion in the tubules or an earlier inu- 
lin reabsorption; in the former case phloridzin neutralizes a factor making 
for a higher total creatinine clearance than corresponds to the filtration, 
in tlie second case it neutralizes a factor making for a lower total inulin 
clearance then corresponds to filtration. Tim impossibility of inferring 
anj thing from the absolute reduction of the clearances in llic tabulated 
eperiment in obvious already from tlm fact, that phloridzin bv no means 
always causes the creatinine-clearance to fall off in absolute magnitude, 
hough frequently met with according lo Smith and Clarke, no appreciable 
e uction of creatinine clearance is thus apparent in any of Poulsson’s 
pliloridzm experiments. 

It is but right to point out, that Smith and Clarke have drawi no info- 
rences from the absolute reduction of the inulin and creatinine clearances 



136 


GOSTA EKEHORN. 


in their phloridzin experiments. I have mentioned the matter here merely 
in the interest of completeness of discussion. 

Further evidence is thus essential in order to enable us to de- 
cide, whether the discussed equalisation of the creatinine and inulin 
clearances is due to inulin clearance being raised relatively to 
creatinine clearance by phloridzin stopping inulin resorption in 
the tubules or due to creatinine clearance being relatively lo- 
wered by phloridzin stopping hypothetical- creatinine excretion in 
the tubules. It is thus a grave and obvious logical error when the 
authors from the above utterly equivocal observations »conclude. 
that tubular excretion of creatinine occurs in the chimpanzeei), 
and that phloridzin paralyzes this tubular excretion of creatinine, 
which neither has been shown to exist nor rendered' in the least 
likely. A further grave error is comnaitted, when Snxith and Clarke 
»extend)> the first of these conclusions »with confidence to the 
orang-utan and with a high degree of probability to the gibbom, 
no reason being given for this except a brief reference to the fact 
that creatinine and inulin clearances differ as much in these ani- 
mals as in the chimpanzee before phloridzin! (cf. p. 136 of the 
quoted paper). « 

* * 

* 

We have already remarked upon the curious omission of ail 
reference to creatinine in Smith’s statements to the effect that 
phloridzin equalizes the clearances of glucose, xylose and other 
carbohydrates with inulin clearance (cf.p. 130); we have also pointed 
out that this equalisation, contrary to the tenor of Smith’s argu- 
mentation, constitutes no reason whatever in favour of inulin be- 
ing a better gauge of glomerular filtration than creatinine, as 
phloridzin also renders the clearances of inulin and creatinine 
equal (cf. p. 132), thus rendering all these clearances identical, even 
when they differed prior to phloridzination. Smith’s conclusions ' 
derived from the phloridzin experiments are thus altogether con- 
jectural and based on no fact that does not go at least equally 
Well with the contrary view, i. e. that part of the filtered inulin is 
resorbed and that no creatinine is excreted in the tubules of such 
species where the two clearances differ. Indeed, the last view con- 
forms to a most important scientific rule, whereas Smith’s conclu- 
sions quite deviate from it, namely the rule that similar phenomena 
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shovid ta inicrprded smilarUj m so tor as no .special reason against 

r1oin2 SO is apparent. 

As a matter of fact, it is evident from the above and is ^Yllhout 
rescTTOtion agreed upon also by Smith and his co-tvorkers, lhal 
phloridzin prevents tubular rcabsorpiion of glucose, xylose and seve- 
ral other sugars, and that this causes their clearances, vliich ori- 
ginally arc lower than that of creatinine, to equal the latter. Now, 
as phloridzin has precisely the same effect on the clearance of the 
carbo-hydrate inulin in these species where its clearance is lo^yer 
than the creatinine-clearance, namely to render it identical willi 
the latter, Smith’s vcr\' different intciprclalion does not conform 
to the rule mentioned, as long as no acceptable reason for neglec- 


ting it has been submitted. 

This rather arbitrary mode of interpreting corresponding 
effects of identical experimental procedures becomes especially 
striking v-hen applied to the results of one and the same experi- 
ment. Tluis we see at the bottom of tabic 2, page 131 Ihatpblorid- 
zination of the chimpanzee renders inulin clearance almost iden- 
tical ndth creatinine clearance (creal./inul. clearance rate 1.02 — 
1.07 as against 1.22 — 1.27 prior to phloridzin). Glucose clearance 
is at zero level prior to phloridzinalion and then rises to very' near 
inulin-clearancc (to 92 — ^91 % of in. clear.). Tliis approach of the 
glucose-clcarancc to the level of the inulin- and Croat inine-clearan- 
ccs under pldoridzin is described by Smith as »Phloridzin blocking 
the tubular rcabsorjition of the glucose^, whereas the similar 


approach of the inulin- and crcatinine-clearancc.s is interjireted 
thus; sphloridzin abolishes this tubular c.xcrelioji of creatinincf. 
No reason is ^ven for these different modes of intcrjirctatioji. 


* 




The possibility of some of tlic filtered inulin being in some species 
reabsorbed by the tubules cannot be pushed aside merely by the 
contention that mulin is too inert a carbohydrate for being reab- 
sorbed. Xylose and sucrose are by no means liighlv active substan- 
ces chemically require as a rule to be split up in simpler compo- 
nents during biological reactions, are indeed described ns finerl 
sugarsrby Snntli himself, and were at first held hy him not to be 
resorbable at all m the renal luliules (Smith, Physiol, of Ihv Kidney 
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p. 11). Tlie inertness of inulin, which is a colloid starch-like carbo- 
hj'drate, is no doubt more marked than that of xyiose and sucrose 
and this may well account for its tubular irresorbability in a good 
number of species (frog, dog, sheep, seal, rabbit). The organisms 
of different species often treat various carbohydrates somewhat 
differentlj’', and inulin being by no means absolutely inert, there 
is, however, no a priori reason against inulin being somewhat resorb- 
able in the tubules of other species. This possibility is so much the 
more to be borne in mind, as inulin hydrolyses into that excellently 
resorbable sugar, fructose. Hydrolysis of inulin is generally stated to 
be the easiest way in which to obtain fructose artificially and such 
hydrolysis is the fundamental chemical procedure in the determina- 
tion of the inulin concentrations of blood and urine in the inulin 
test. How can we be sure, that some degree of inulin hydrolysis is 
out of question in the renal tubules of every species? How can we, 
in the absence of all evidence to the contrary, rule out this hydro- 
lysis, W'hen w'e know' the tubular urine to be subjected to manifold 
and considerable chemical changes during the tubular transforma- 
tion of glomerular filtrate into as a rule very differently composed 
urine, and -when we know' the tubular cells to be electrically charged 
W'ith positive and negative potentials of -measurable strength and 
of exceedingly strong effect over the immeasurably short inter- 
distances betw'een the tubular cells and the constituents of the 
urine on their surface? (Ekehorn, t)ber d. inegrat. Natur d. nor- 
malen Harnbildung, Chapters 35 — 38: Uber die Biophysik d. Kanal- 
chenresorption.) 

* * 

* 

The effect of excessive plasma creatinine. 

Returning to table 2 page 134, w'e will now' consider the 
experiment recorded in the upper half of the table (effect of elevat- 
ed plasma creatinine) w'hich presents reasons for far more serious 
criticism than any of the experiments and views already consi- 
dered. Our remarks have hitherto hardly gone beyond the points, 
that Smith and his collaborators have failed to substantiate their 
view of inulin not being reabsorbed and of creatinine being in part 
secreted by the tubules (in those species where creatinine clearance 
is greater than that of inulin), and that they even have failed to sub- 
mit any experiment rendering the opposite view' in the least un- 
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likely or improbable. Our sueceedilig remarks on Ihe eftecl, oj 
elUed plasma oreaUniuc, l.oavever, rvill go a step urlber and 
sliOW that SBVth’s a])ove mentioned view and son\e of Us a Icgcc 
implications run quite conlnnry to several cxperimeninl facts. 


We see from table 2 tbal efevalion of plasma creatinine in the 
diimpAanzcc to 75 mg per cent or more c.ause.s tbe clearances of 
creatinine and inulin to equal each other, whereas their earlier 
natio in this experiment is 1.21— I. .T2 to 1.00. 


Incidentally, wc cannot omit to point out the .altopethor conjec.tnml 
nalwe of the author’s immediate conclusion (Smith Clarke, vViiier. J. 
Physiol. 1938, vol. 122 , p. 1.32— 139), namely that this eqimlisation oftlio 
clearances sindiKilcs that the (normal) difference between the clearance.s 
is due to tubular excretion of c^calininc^ as tlie authors have not considered 
at all and still less nded out another way of :iccountinj> for the observed 
pbenomenon, to wbicb ^vc wll return on page laO below. 

Wc will compare the above experiment with an aUkgcd tjcmral 
low for tabular aclivily, on whicli Rmilb and his co-worbers lay 
much stress, namely that swhen the plasma conrentration of en'a- 
tinino is raised above a certain critical level the tubular mechani.'im 
becomes saturated, so to speak, and excretes the substance .at ;i 
maximal »ratc» (Smith, PhY-Mol. of the Kidney, p, 22.) Hven in this 
concentrated book mucli .sjiace is given over to describing and e.x- 
plaining a number of factors to be used in theinatliematical fonnulas 


said to express this law, and mucli .space is also given over to show 
how this Jaw applies (o tuhiiiar resorjition ns well ns to tubular 
excretion, llic same is also true of .Shannon (Siiajinon: Henal tubu- 
lar excretion, Physiol. Hev.. 10.39, vol. 19, j). C:)-.9:i) who tlevolcs 
a third of his paper lf> explaining »<tl)o merlinnism of tubular cxciv- 
tiom> in accordance with Ibis law, and wjio .submits a great nuinher 
of mathematical formulas alleged to exjiress the law and its impli- 
cations quantitatively. 

Tlieie is no need to enter into cither Die iirimary formula ^ or 


.U + i? ;;:i yl J? ^ 


into 11, c vcrions complicatod fnrnu.las hirllnT dyrivod from ll«. 
irst one. ft ,s indeed ol.vious boll, from Ihe fonmdns r,s sncli and 
ta;i<i;cy.l,„,e .encr of Sl.anncn’a cxpcsilion, „a rveil a.s tom a 

live ronclitiii, B Mhe CTljlSh, "I ‘b'" e.rrrctory or roobsorli- 
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Table 3. 


Period 

Creatinine in 
plasma mg 
per cent 

Total amount 
of excreted 
creatinine, mg 
per minute. 

Amount of filte. 
red creatinine 
according to 
Smith, mg per 
minute. 

Amount of crea. 
tinine secreted 
by the tubules, 
according to 
Smith, mg per 
minute. 

1 

13.2 

11.9 

9.5 

2.4 

2 

14.1 

12.7 

10.3 

2.4 

3 

74.5 

70. 

73.8 

— 3.8 (sic!) 

4 

90.0 

86.4 

86.4 

0 

5 

101.0 

93.9 

93.9 

0 

6 

44.4 

52.1 

43.1 

9 

7 

30.0 

36.4 

27.6 

8.8 


great number of particular remarks, that these formulas are intend- 
ed to represent quantitatively and in accordance with the said 
)>law» the activities of tubular secretory and reabsorbtive mecha- 
nisms. This is clearly indicated by Smith (Smith, Kidney, Ann. 
Rev. Physiol., 1939, 1, p. 506). »One of the most notable advances 
in the problem of tubular excretion and resorption has been the 
study of the kinetics of these processes. In every insfance in which 
this problem has been examined, it has been found that the quan- 
tity of solute excreted or reabsorbed by the tubules per unit time 
increases with increasing plasma concentration until a constant 
maximal rate is reached, which is thereafter maintained as the plasma 
concentration is raised to higher levels» (all italics by me). Again, 
in Smith’s Physiology of the kidney, p. 22, Ave reed »In every 
instance, where an adequate examination has been possible, it has 

been shown that in tubular excretion as in the case of 

tubular resorption there exists a limitation of tubular activity' which 
takes the form of a maximal rate of excretion#. 

Tliese opinions contrast strikingly with tire data fromthe first 
experiment of table 2. We can calculate the amounts of creatinine 
alleged to be secreted by the tubules by subtracting the amounts 
alleged to be filtered in the glomerules (the products of creatinine 
cone, in plasma and alleged volume of filtrate-fluid, indicated 
according to Smith by inulin clearance) from the amounts actually 
excreted (the products of creatinine clearance and plasma concen- 
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tration of creatinine). Tlic figures of table 3 on page 140 arc tlnis 
obtained for the resp. 7 obscrN^alions of the expenmciit. 

We see that the alleged tubular excretion of crealmmc cer- 
tainly may rise wth increasing plasma concentration (cf. ]icriods 
2 with 6 & 7); but fltcsc figures arc qnilc conlranj io ihc idea of 
iht alleged Uibular cxcrcliori aUaining a maximal raic which is ihcrc- 
afler mainiained (cf. quotation above). Trrc.spcctivcly onvbetber 
the alleged maximal rale has been reached in periods 6 & 7 (}ilasma 
creatinine 30 a 44 mg per cent) or whether it .still remains to lie 
attained, it is obrious that even the alleged tubular excretion of 
periods 6 & 7 (8.8 a 9 mg creatinine) is not maintained at the higher 
levels of plasma creatinine, in periods 3—5, where no tubular 
excretion of creatinine occurs at all. Indeed, there remains in 
periods 3—5 no trace even of the tubular excretion of period.s 1 k 2, 
which certainly is far below the alleged nxaximum. 


This exiraordinarj' discrepancy between alleged and real experimen- 
tal results (cf. the statement dn every jnstance» etc., quoted above) cannot 
possibly be repaired in future publications by some sucli statement ns the 
alleged maximal tubular excretion not being large enough lo bo ilisccrniblo 
when very much creatinine is filtered at high plasma levels. When ainonnt.s 
of 2.4, 8.8 and 9 mg creatinine, alleged lo have been secreted lubntarly, 
are clearly discernible when the total creatinine excretion varic.s between 
11.9 and 52.1 mg, why should not an amount lliat equals or surpasses 9 
mg be discernible at total outputs of 70—90 mg? 


We find, of course, tlic same discrepancy also if we compare Uie 
clearances witlioul taking the tron)>)o lo compute the auiounf.s of 
creatinine excreted by tlic wliolc kidney or alleged lo have been 
secreted in the tubules. Identity of erc.atinine and inulin clearan- 


ces (periods 4 & 5) implies in Smith's own jmrlanec ridenlily 
rvith glomerular filtration!' and there is no ])Iace here for any addi- 
tional tubular excretion of creatimne still less for one functioning 
at ns maximal rate. Indeed, the fact that creatinine clearance 
m experiment 3 is less Ilian inulin clearance (cf. table 2. page 1.34 
above) and that more creatinine thus has lieon filtered than excre- 
ted into the urine (cf. exper. 3, fable 3, p. HO) imneales .sirongly 
a ver> different explanation of the fads observed, namely lint 

r ris in.™:;' . 

as norma V MrT "" 

normally (cfr. below p. 150 & table 4, p. H6). 
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Nor is it possible to explain away this experiment No 3 as merely due 
to experimental errors, the »resorbed» quantity of creatinine being over 
50 % greater than the quantities alleged to be secreted by the tubules at 
the distinctly hypemormal creatinine levels of exper. 1 & 2, and conse- 
quently very much more in excess of the amounts of creatinine alleged to 
be tubularly secreted at more normal levels, on which latter Smith builds 
so many conclusions. 

Tliese extraordinary discrepancies negative complelelg the cen- 
tral point of the laws and formulas of Smith & Shannon, alleged 
to explain tubular secretory or resorbtive activities in quantitative 
terms. 

It is of special interest to find these laws negatived just in res- 
pect of the alleged tubular secretion of creatinine in the primate 
kidney. Tlie alleged superiority of inulin over creatinine in tests 
ad modum Rehbergi is, in fact, altogether based on the idea of 
creatinine being secreted in the tubules of such species, where the 
creatinine clearance surpasses inulin clearance. Among such 
species, apes and man are incomparably more suitable than the 
rest for experimental examination of these matters. 

It is thus no doubt rather surprising, that Smith appears to 
foregoe all reference to the above experiment on the effect of ele- 
vated plasma creatinine in the chimpanzee, when he in other papers 
discusses the validity and bearings of his »kinetic» laws and formulas 
regarding the alleged tubular excretion of creatinine. Instead he 
bases his discussion on experiments on chicken and fishes, which 
present no advantages but instead many special difficulties in the 
case of comparative clearance studies (cf. p. 155). 

hlost astonishing is also Smith’s sweeping assertion in his 
more comprehensive publications, namely that his Bkinetio) laws 
and formulas have been verified in every examined instance (cf. p. 
140). Tliat elevation of plasma creatinine in the chimpanzee in no 
way causes the alleged tubular excretion of creatinine to continue 
at a Bconstant maximal rate» is indeed evident not only from our 
above remarks but also from Smith’s owm words inthesummarj'of 
his special paper. »It is demonstrated in the chimpanzee that 
elevation of the plasma level of creatinine depresses the creatinine- 
inulin clearance ratio towmrds unity)), i. e. every sign of the alleged 
tubular cxreatinine ecretion disappears (Smith & Clarke, Am. J* 
Physiol. 1938; vol. 122; p. 138). 
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Clearance depression at elevated plasma levels is no 
characteristicon of tubular secretion. 

Both the idea of a part of urinary creatinine being excreted ))y 
the renal tubules in species exhibiting a creatinine clearance larger 
than that of inulin, and the idea of excessive plasma creatinine 
saturating this tubular excretorj’- mechanism and thus preventing 
its activity to increase above a certain maximal rate — both these 
ideas, however, are definitely negatived by the experiment now to 
be discussed (ICay and Sheehan, Renal elimination of injected urea 
and creatinine, J. Physiol., 1933, vol. 79,p. 359 — ^^115.). Avery marked 
reduction of creatinine clearance follows in fact upon elevation of 
the plasma level of creatinine, yet the animals expciimentcd on here 
are rabbits, i. e. one of those animals Avhcrc,, according to Smilli and 
his own co-workers, creatinine and innlin clearances always are 
equal at the outset and where any tubular secretion oj crcalininc there- 
fore is out of question; cfr. Smith’s statement, referred on p. 6, 
above, »that in these species both substances (inulin and crcalininc) 
are excreted by (glomerular) filtration vilhoul tubular parlicipn- 
tion.ft 

Tlie experiments in question arc described and tabulated on p. 
389 of Kay & Sheehan’s paper, Tlic experiments do not record 
clearances directly hut instead the renal ca-fraction rates of injected 
urea and creatinine, and this necessitates some prcliminarv discus- 
sion here. 

The Renal Extraction Rale is defined as (ho percentage proportion 
between the amounts of a urinary constituent actually excreted by the 
kidneys during a certain period of lime resp. contained jn the volume of 
blood simultaneously supplied to the kidneys. Thus 


R.E.R. 100 




B 


Cb 


C ot Iho mial Hood, and 


As 


Cb 


denofes i|,is substance's clmronco, a, tvo ra.iy milo. 
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That is, the R.E.R. of a certain urinary constituent is directly propor- 
tional to the clearance of this substance. 

As it is a difficult and complicated task to determine the volume B of 
the renal blood, the R.E.R. is best determined from the concentrations of 
the examined substance in samples of renal vein-blood and of arterial blood 
(usually heart blood). For creatinine the R.E.R. is thus 


R.E.R. cr — 100 


diff. betw. creatinine cone, of heart & renal vein blood . 
crfeatinjne cone, of heart blood 


The difference in creatinine concentration between heart and renal 
vein blood denotes obviously the amount of creatinine removed from the 
unit volume of blood passing through the kidney. Dividing this amount 
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by lliD amount of creatinine present in tlie unit volume of arterial blood, 
U’e obviously find tbe R.B.R. 

No\y, it is essential to observe one condition in experiments of tins 
type, namely not to wthdraAv the sample of renal venous blood until a fair 
time' has been allowed to pass after an injection into the blood of a sub- 
stance, the R.E.R. of which is to be determined. 

A very high proportion of an injected substance disappears from the 
blood immediately after the injection because of diffusion out into the 
lymphatic spaces etc. of the organs, and the difference between arterial 
and renal venous blood will be very much higher than what corresponds to 
the renal excretion of the substance. This phase passes off in about 3 
minutes or loss; it is followed by another phase, when the depositions of the 
substance in the lymphatic spaces etc. of the organs gradually return to 
the blood; this second phase is very much less, abrupt than the first but 
instead lasts longer, and venous kidney blood removed during this time 
will show a lower rate of extraction than corresponds to the amount of the 
substance actually excreted into the urine. In the case of /. inst. urea 
the apparent extraction rate may indeed become negative during this 
second phase, the venous kidney blood actually containing a higher percen- 
tage of urea than arterial blood. This second phase is well over in about 
one liour, usually even somewhat earlier. 

The two figures from Kay and Sheehan on the preceding page show both 
the above mentioned phases very clearly. The upper figure refers to 
apparent and real R.E.R. of creatinine after injection into the blood of 
rabbits, the lower shows the same for urea after urea-injections. The 
real R.E.R., i. e. the R.E.R. determined from blood from the kidney vein 
withdrawn an hour or later after the injections, are in rabbits about 20 % 
for creatinine and about 5 — 8 % for urea, figures altogether verifiable in 
other ways as well {Ekehorn, tjber die Bedcutung renaler Ausschwem- 
mungsgrade, Virchow’s Ai'chiv, 1935, 295, p. 25C— 89). 

Neglect of the essential condition of not taking samples of renal venous 
blood loo early after injections of substances into the blood will seriously 
upset the inferences drawn from R.E.R. experiments, but no such objec- 
tion cvin be levelled against R.E.R. experiments where blood samples are 
taken and other operations performed jirst lis—ino minutes after the 
injections into the blood, as uus the case in the experiments under discus- 
sion here. 

Two sets ol experiments w-ere performed. In one set (series F) 
the rabbits received intrr;venously a mixed solution of 1000 mg 
urea and 250 mg of creatinine per kg body-weight; in another series 
(series G) the rabbits received intravenously no urea but 1.6— 2.0 
g creatinine per kg body weiglit. Tire results are given below: 


10 — Acta med. scantiinau. Vof. CXViil. 
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Table 4. 


Rabbit 

Urea mg per cent 

Creatinine mg per 
cent 

Renal Extr. Rale | 

Heart 

blood 

R. vein 
blood 

Heart 

blood 

fEBm 

urea 

creatinine 

Fi 


139.2 

18 

14 

■ 

6 


F, 


92.1 

8.2 

6.9 

4 


F3 


104.1 

9.3 

7.5 

6 

20 

F4 

95.9 

91.5 


5.7 

5 

20' 

Fs 

119.9 

110.6 


8.3 

8 

20 

Average 

114.1 

107.5 

10.6 

8.5 

5.8 


G. 

38.1 

37.9 


222 

0 . 

■■ 

G, 

50.1 

48.9 


123 

2 


G3 

48.4 

48.4 

105 

97 

0 . 

B 

G. 

24.9 

24.3 

84 

69 

2 

■jHyllll 

Average 

40.4 

40. 

142.5 

128 

1.0 

11.75 


We see that t)ie Renal Extr, Rates of both urea and creatinine 
remain quite normal in series F, but that R. E. R. falls markedly 
in series G for both urea and creatinine. We rvill later return to the 
• large decrease in the R. E. R. of urea in series G. As to the decrease 
here in the R. E. R. of creatinine it is to be noted, that quite similar 
figures ranging between 8 and 16 were obtained in other series of 
experiments, not included in the above table, where blood creati- 
nine was brought up to similarly high levels. 

The average R. E. R. of creatinine amounts in series G exactly 
to 60 % of the average R. E. R. of series F, and average creatinine 
clearance in G Avill ob^^ously fall to 60 % of the average clearance 
in F, Avhen only 11.75 % instead of the ordinary 19.6 % of the crea- 
tinine contained in the unit volume of renal blood is removed from 
the latter during its passage through the kidney. ’ 

Such decreases of the clearance of urinary constituents conse- 
quent upon excessive elevation of their plasma concentrations are 
regarded by Smith and his followers as exceedingly important phe- 
nomena, alleged to be highly characteristic of tubular secretion. 
Rojel (Nyrernes tubulare sekretion, Nordisk Medicin, 1943, vol. 20, 
n;r 46 p. 1919) embraces Smith’s ideas unreservedly and states that 
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))Self depression oI clearance depends on tubular secretion being an 
active cellular process with a certain maximal limit of function like 
all other physiological processes. Once the maximum of secretory 
tubular function has been reached at a certain plasma concentra- 
tion, secretion remains constant at further elevation of the plasma 
level of the substance in question, Glomerular filtration behaves 
quite differently; filtration is a purely physical process and is there- 
fore proportional to the volume of the filtrate and to the plasma- 
tic concentration of the substance. Hence it is obvious, that the 
filtered amount of the substance must be very large at plasma con- 
centrations above the level corresponding to maximal tubular 
secretion, whereas the secreted amount will remain constant; clear- 
ance will therefore decrease with still higher elevation of the plasma 
concentration and vill approach the figure cleared solely by glome- 
rular filtration* etc. ^ 

Indeed, this »sclf-depression of clearance)) at high pla.sma levels 
is regarded as so characteristic of tubular secretion, tlmt decrease 
of a substance’s clearance at high plasma concentrations is expres- 
sively stated to be a decisive proof that this substance i.s secreted 
by the renal tubules (cf. Rojel, p. 1920). 

All these ideas are altogether negatived by the rabbits of .scries 
F and G, as tubular secretion of creatinine is quite out of tlm ques- 
tion here, according to Smith himself, and as elevation of the 
plasma creatinine nevertheless causes a most conspicuous depres-. 
sion of creatinine clearance. 

The reduction of liic Renal Extr. Rate to GO % of its normal order 
represents a depres.sion due to disturbed relations behveen the creatinin 
and the renal parenchyma. In addition to this deprcs.sion, however, the 
creatinine-clearance falls off still further because of fbc poor renal circular 
tion in series G. 

The last formula of page 143 may ho wilten thus: 


Cl = {R.E.R.) . B 


100 


The average renal bloodflow in scries G amounted only to 9/23 = 3 o o/ 

“‘I'” 

factor R.E.R. decreases to GO % and the factor n to an 0 / i-.i • 

» Tr.anslated from D.niish by Ekeliorn. 
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6/10 . 4/10 = Yi Of its former value. The creatinine-clearance must ob 
viously fall off most considerably when (1) the volume of the renal blood 
is much reduced, and when (11) each cubic centimetre of this blood is 
cleared of a considerably lower fraction of its creatinine than normally. * 

As elevation of the plasma creatinine in Smith’s experiment has not 
been accompanied by any reduction, absolute or relative, of the clearance of 
inulin (table 2, p. 134), the renal blood-flow has probably been very much 
the same before and during the period of elevated plasma creatinine in 
Smith’s chimpanzee. Therefore, we have not believed ourselves justified 
in comparing Smith’s results with the whole clearance-depression of the 
rabbits of series G, but only \snth that part of this depression that is inde- 
pendent of the reduced volume of the renal blood. 

Even so, the depression of the creatinine clearance after elevation of 
the plasma creatinine is far stronger in our rabbits than in Smith’s chim- 
panzee, where the depression is only relative, i. e. where creatinine-clear- 
ance merely becomes reduced to equality mth inulin clearance but still 
remains as high, absolutely, as prior to the elevation of the plasma creati- 
nine (cf. table 2, p. 134). In the rabbits of series G creatinine clearance, 
on the other hand, becomes reduced to C0% of its former value, and it 
we take account of the lessened renal blood flow, even to 25 %, on an 
average. 

Tliese results, showing how creatinine clearance, or strictly 
speaking a factor proportional to creatinine clearance, decreases 
very considerably on creatinine being brought to excessive plasma 
levels, derive their interest not merely from the fact, that it is im- 
possible in rabbits to explain this decrease from any kind of tubu- 
lar creatinine excretion reducing its output absolutely or rela- 
tively; as already mentioned, tubular excretion of creatinine is 
entirely out of the question in rabbits, this even according to the 
vnews of Smith and his co-ivorkers. 

Noav, the above results are also of interest because they give a 
very definite clue to the cause of creatinine clearance decreasing 
when plasma creatinine is excessively high. This phenomenon, 
in fact, must be due either to the relative rate of glomerular filtra- 
tion decreasing, i. e. to subnormal quantities of glom.erular filtrate 
being formed out of the unit volume of renal blood, or to the tubu- 
les being unable to retain the whole of tlie filtered creatinine in the 
urine as they normally do. Tliere is, indeed, no further way in which 
the said phenomenon could possibly occur -in rabbits, where the 
urinary creatinine even according to Smith is eliminated from the 
blood solely by means of glomerular filtration. 
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•Vs to possible partial diffusion of filtered creatinine through tlie tubular 
p^lis hack into the blood, avc have to recollect that most of the water of the 
domenilnr filtrate is reabsorbed by the tubules, so that usually only about 

I O' of the filtered water escapes into the bladder, which fraction may in- 
crease up to some 10 % in very strong water diuresis and up to 15—20 % 
in excessive diuresis. This implies corresponding increases in concentra- 
tion of filtered substances retained in the urine, and the urinary concen- 
tration of creatinine is thus always several times a multiple, and as a rule 
a very higli multiple of its plasma concentration. The cone, of urme 
creatinine is usually a 100—150 fold and even in excessive Avaler diuresis 
still a 7 — 10 fold multiple of creatinine cone, in plasma, {cf. tables 1 &2, 
Ober die integral. Katur d. normal. ITarnbildung, p, 1/2). Urinary con- 
centration of creatinine rising like this, when plasma creatinine is normat 
(below 2 mg per cent) or is merely brought up to 4 — 7 mg per cent as in 
flic tables just quoted, urinary creatinine would obviously become con- 
centrated to such excessive levels in experiments Avith plasma creatinine 
at 80—240 mg per cent (cf. above the tables on p. 134 and 146) that a critical 
point may well he reached, where the renal tubules are unable to hold 
hack all the urinary creatinine as usual. 

However marked a physiological characleristicon may be, as f, inst. 
the normal inipernieability of the tubular wTills to creatinine, yet such 
cJiaraclcrislica arc never absolute in the strictest sense of the word, nor 
are they entirely unaffected by excessive stress, and they may break down 
at least partially during higlily unphysiological conditions. 

Tlio idea of partial escape of filtered creatinine through tlie tubular 
Willis under abnormal conditions receives strong support from the obser- 
vations already mentioned (cf. p. 118 above), namely that, when the vita- 
lity of the tubular epithelium has become seriously lowered in advanced 
.Stages of gloracrulo-nephritis, fractions of the filtered creatinine diffuse 
back info the blood through the tubular walls already at normal or sub- 
normal conconfrafions of urinary creatinine. (Cfr. helowp. 154; toxic injury 
to the tubular walls because of the excess of plasma creatinine in the expe- 
riments discussed). 

Curiously enough the same idea is accepted also by Smith, although in 
quite another connection. Referring to certain experiments by Forster 
Smith stales (Smith, Kidney, p. 510, Ann. Rev. Physiol., 1939, vol 1 p’ 

J- cell. comp. Physiol., 1938, vol. 12, p. 213) that Hn the 

ideidb Ir’r? creatinine clearances are ^ 

II -a •’ l clearance, indicating that although 

w m-Il it Im"? ‘Ir S^iicose and xylose in this 

; nimal, n has also the effect of altering the tubules so as to permit back 

diffusion (about 12 o(,) of small molecules.* Inulin and creatinine clea 
irilTl wi™ ’ T 'res. .mdicaling id Jlty 

fe P- “nr-orslerasahove)^ 

P, . c. among animals where tubular excretion of creatinine is out of 
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the question, and no absolute or relative change of any such tubular excre- 
tion can therefore possibly be suggested in explanation of a decrease in 
creatinine clearance. It is of considerable iiiterest to find Smith himself 
then adopt the view that the decrease of creatinine clearance is due to the 
phlorizinised tubules having become unable "to retain it quantitatively as 
usual in the urine of frogs; therefore part of the filtered creatinine diffuses 
back into the blood through the tubular walls. On the one hand this inter- 
pretation removes all possibility of Smith objecting against my interpreta- 
tion of the observations on rabbits discussed here, on the other hand it is 
not clear, why Smith' has not taken these experiments on fro^s into con- 
sideration in explaining those of his experiments where creatinine clear- 
ance is alleged to have become depressed by means of raising plasma 
creatinine to abnormal levels, especially as exper. 3 of tables 2 and 3 strongly 
suggests resorption of part of the filtered creatinine, as just mentioned 
above. 

* * 

* 

Returning now to table 4 on page 146, it is easy to dcmonsirale 
posiiively, ihal Uie iubular walls have become abnormally permeable 
and that Uicy have allowed abnormal escape of filtered substances 
from ihc urine. 

We recollect from, page 148, that the low R. E. R. could derive 
also from another cause, namely from subnormal amounts of glo- 
merular filtrate being produced from the unit volume of renal blood. 
The possibility of such a reduction of the relative rate of glomeru- 
lar filtration having occurred in Series G cannot be precluded, as 
the excessive rise of the level of the plasma creatinine was accom- 
panied by considerable changes of the renal bloodflow, which 
ranged in Scries G between 0.8 and 1.2 cm^ per minute and gram 
kidney weight, averaging 0.9 cm^ as against the normal volume 
of renal blood in Scries F ranging between 1.6 and 3.1 cm® with an 
average of 2.3 cm® per m.inutc and gram kidney weight. 

It is, of course, impossible to deny, that this difference in the 
volume of renal blood might have been accompanied by other 
haemod 3 mam.ic changes as w'ell, which perhaps have caused the 
relative filtration rate to fall. This question m,ust be left open, as 
the experiments of series F and G contain no data enabling us to 
compute the absolute volumes of glomerular filtrate produced. 

We must not believe, on the other hand, that glomerular filtration 
necessarily reflects the volume of the blood passing through the kidnejs. 
It suffices to refer to table 21 of my monograph (Ekehorn, Gber die inte- 
grat. Natur d. normalen Hambildung, table 21 p. 493 — 94; the table is 
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extensively discussed on pages 476-96). A very extensive series of expe- 
riments are recorded here, where the volumes of the renal blood differed 
at least as much as in the series F and G, and where most considerable 
differences as to other haemodj'namic and filtrative factors must have 
occurred as well. The quoted table 21 refers to dogs, one Iddney of which 
had been deprived of its nerve-supply as completely as possible. In spile of 
this, the absolute rates of glomerular filtration, i. c. absolute volumes, were 
equal throughout the whole series in the two kidneys of each animal, 
which obviously implies, that the relative filtration rates, i. e. the amount 
of filtrate produced from the unit volume of renal blood, were higher in 
the kidneys uith the lesser than in the kidnej's with the mucli larger blood 
suppl 5 ^ This in every respect very remarkable experimental series was 
originally performed by Marshall j:r and A. C. Kolls (Marshall & Kolls, 
Amer. J. Physiol., l9l9,vol.49,p. 302—16). The accuracy of the determina- 
tions, from which the above datas on glomerular filtration are deduced, 
is discussed on p. 498 — 503 of my monograph and found to be very high 
especiall}’’ as the filtrative rates were determined from the excretion rales 
of several substances as well as from creatinine. 


As to the rabbits of Series G wc can slate quite positively, 
how'ever, that whatever change that may have occurred in the absolute 
or relative rates of glomerular jiltralion, il falls dcfinikly short of 
accounting for the reduction of the Renal Extraction Rales. Tlie 
R. E. R. of urea could not possibly have fallen front the norma! 
average of 5.8 in Series F to the average of 1 in Series G williout 
the renal tubules having become more permeable to substances diffusing 
away from the urine. 


Unless a higher fraction of the filtered urea escapes llirough 
the tubular ivalis in Series G than normally and in Series F, the 
Renal Extraction Rate of urea cotild not have become reduced 
more than the R. E. R. of creatinine. In otljcr tvords, if llie volume 
of glomerular filtrate in Scries G antounts to on an average 11.75 % 
of the volum,e of the renal blood instead of 19.G % ns in Scries F, 
then filtered urea in Series G must amount to 11.75 % of the total 
urea of the renal blood instead of 19.6 % as in Series F, since the 
amounts of filtrable blood constituents in the wliole renal blood 
resp. in the glomerular filtrate arc proportional to the volumes of 

blood and filtrate, their concentrations being the same in both 
fluids. 

Now, when in scries G at least 11.75% of tlic urea con- 

temlis If " nf glomeruli, a( to nine 

nths of the filtered urea have obviously diffused back into Uic 
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blood through the tubular walls, when on an average hut 1 % of 
total renal blood urea is retained in the urine. 

I have italicized at least above, because if creatinine has escaped 
front the tubular urine back into the blood in series G, i. e. if crea- 
tinine thus has been filtered in excess of the 11.75 % of total hlood 
creatinine passing into the urine, more than 11.75 % of total renal 
blood urea must have been filtered in the glomeruli, and the 1 % of 
total renal blood urea retained in the urine therefore represents a 
lesser fraction of filtered urea than one tenth; more than nine 
tenths of filtered urea has diffused back into the blood. 

This is an escape from the urine of a considerably higher frac- 
tion of filtered urea than in series F, where 19.6 % of the urea of the 
renal blood were filtered in the glomeruli, and where 5.8 % of renal 
blood urea or 3/10 of filtered urea were finally excreted. 

. The lessened ability of the tubular walls to retain the urea of 
the urine in series G becomes the more obvious if we take account 
of the very different concentrations of urine urea, consequent 
upon the very elevated blood urea in series F, and upon the normal 
blood urea of series G. Because of the much higher diffusion pres- 
sure of urea in the final urine of series F, retention of urea has been 
far more difficult from a physical point of view than in series G. 
Yet the tubular walls retain a three times higher fraction of filtered 
urea in F than in G. 

We have confined our discussion to the average Renal Extrac- 
tion Rates of the resp. Series F and G of table 4. Tlie same mode 
of reasoning and calculation can, of course, be applied also to the 
data of the separate experiments of the series. 

A glance at table 4 suffices to show one further fact. The 
R. E. R. of creatinine is lowest in the two rabbits Gj and G 3 where 
the abnormal inability of the tubular walls to retain the urinary 
constituents is most marked, practically all the filtered urea having 
diffused back into the blood. 


We can sum up our discussion of Series F and G tiius: 

1) Tlicse experiments nega'tive definitely the view of Smitli 
and his co-workers as to tubular excretion of a part of the urinary 
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creatinine in such species (man, apes, chicken etc.) wlicrc creatinine 
clearance surpasses inuiin clearance. Decrease of creatinine clear- 
ance at excessive levels of plasma creatinine — which phenomenon 
Smith and co-Workers regard as a most essential characteristicon 
of the alleged creatinine excretion in the tubules — occurs in fact 
also in such species (f. inst. rabbits) where no tubular creatinine 
excretion exists, i. c. in species where the identity of the inuiin and 
creatinine clearances in Smith’s own words- »indicalcs indentity 
v,dth glomerular clcarancc». The decrease may be much larger here 
than the decreases reported from the first group of animals. 

2) Occurrence and magnitude of this decrease of creatinine 
clearance appears to depend on the degree of excess plasma creati- 
nine. No decrease becomes apparent in rabbits until plasma creati- 
nine reaches a level of over 80 mg per cent (rabbit G., tabic 4). 
In chimpanzees crcatininc-clearancc is distinctly normal at plasma 
levels of about 45 mg per cent and decrease is reported first for 
plasma levels of 75 mg per cent (page 134). .‘Vlthough different spe- 
cies and individuals may differ as to the plasma level of creatinine 
which cause decrease of creatinine clearance, the critical level is 
obviously high above all possible levels of plasma creatinine in 
Rehberg’s lest. 

3) The magnitude of the decrease appears further, in spite of 
considerable individual variations, to depend roughly on the 
degree of plasma creatinine excess. Average pla.snm crealinino is 
almost tudcc as high in Scries G as in the chimpanzee (cf.))ages 14G 
and 140; 142 mg per cent resji. 88 mg in periods 3 — 5), and the 
decrease of creatinine clearance is much stronger in the rabliits 
of Series G than in the chinrpanzee (])agc.s 148 & 134). 

4) Decreases of creatinine clearance a I excessive levels of 
plasma creatinin thus having no foundation whatever in anv 
phenomena of tubular excretion, such decreases must be due eilficr 
io partial diffusion through tlie tubular walls of filtered creatinine 
back into the blood or io lessened relative rate of glomerular filtra- 
tion, 1 . e. to lessened filtration from the unite volume of glomerular 
blood. 


0 ) It IS impossible to say definitely from the data concerning 
the rabbits of Series G whether the second of the above two causes 
has been m operation or not; it may have been, but nothing indica- 
es that it actually has been operative. 
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r,) rm'.spfclivfly of. Whi'lhor or not le.ssi'ncd relative rale of 
plojuerular filtration has conlrihiited to llie results in Series G 
on/// Ihc first ramr (im])erfert relention of filtered creatinine 
the tubules) sii//iVrs /or rxptaimwj the rcsiiUs. Lessened ahililv of 
the tidnilar ejutlieliuiu to withstand diffusion of urinar\’ coiisli- 
tuents hack into tlu- blood is, in fact, clearly detnonslndiie in even,- 
rabbit of Series (i. Tliat this nvust have led to j/arl of the filtered 
creiitiiiitie ese.-ipinf’ back ij/lo Die blood is obvious at once, and is 
rendered still more 4-videnl by the fact tliat the creatinine clear- 
ance lias decreased most ju^t in those r:d)bils, where tubular abi- 
lity to pieveiit other uriniiry’ constilutents tf) pass back into the 
blood has been maxinuilly lessened. 

7) tentative iirpument in favour of creatinine havinit some 
t«)\ic effects wlieii ])resenl in tlie ])l:isma at levels of To — 210 mj^ 
per c»-nl. i. e. at levels GO 200 times the normal, is contained in 
the fi'.cl Ihiit tubular retention of j^lomerubtrly filtered siihsinnces 
becon\es imperfect in resjiect abo of olher sitbsttttires than rrenUninc 
(ure:i). Greatinine does not diffuse away from ti/bidar urine merely 
because its urine eoncenlration rises to such hi^h levels wlicii 
]tlasn\a creatinine is so excessive. Tliere must he some change it) 
llu> tubular epilhernij/u olheruise ))i« .'i could jiot diffuse away as it 
diK'S in Series G. 'I'his is so mueb the nume obvious, as we have no 
itbnoi nuilly Jiuftmenti'd eseaj>e t>f uri-a ijl Series 1' in spite of urea 
obviously havitu^ been eontained in tbe urine here at nutchhigiter 
eoiie»'ntrations llum i]i G (ef. table >1; observe th'.it urea was rai'^ed 
to nuieh higher p!asu\a levels in b’ than in G. and tluit plasma erea- 
linine was Init moderately hy'iu'riu rmal in !•'). 'I’lie idea that cre.a- 
liiiiiie is toxic for the kidneys at the excessive ])lasma levels in 
.''erics G is further supported by the nutrketl decrease in rcJiul hlc.od- 
fh.w re]iorted here (ef. jiage l.GO). 


Dksenssion. 

'Hie alleged sujieriorily of inulin over creatinine in tests ad 
imdtnn IMihcrgi .suffers ahouly at the oiilset a ju.osl cotisiderable 
rest riel injj, :i.s tl)e ele.'inince.s of imiliii and creatinine differ, accord- 
ing to Sn\ilh liimself, only in man, anthropoid apes, chicken and 
rerlJiin fishes, fii frogs, dog. rabbit, seal and sheep Ihc two clear- 
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jinces are identical. Several species of monkeys arc said to occ p> 
in intermediate position betwn these groups, rdcntity of the 
iniilin and creatinine-clearances, however, implies not only iden- 
tical volumes of glomerular fluid, hut implies also identical results 
IS to all other data that may he calculated according to these 
nethods; this is obNuous from the way in which all these data are 

’omputed (cf. p. 117). . .. r 

It is, of course, impossible to claim any superiority of one over 

mother method in any of all those species whore the two methods 
^deld identical results. 


Turning now to those species where the clearances of inulin and 
creatinine differ, we remark in the first place, that all infoimation 
derived from man and apes is of incomparably greater interest and 
importance than information from birds and fishes. Ihc latter can 
hardly claim more than a mere curiosity interest in clinical pln'sio- 
log}% and they constitute rather a side issue even in general renal 
physiology. 

Both birds and fishes, as a matter of fact, present further a number 
of very special problems. Tlio necessity of collecting nrelerciil urine 
complicates all clearance tests considerably in birds and fisbos. 

In birds further problems binge upon the fact that the urine is not fully 
elaborated when it leaves the kidney or indeed Die ureters. Urotere.'d urine 
is abundant and a.s a rule liypotonic relatively to tlie blood for soinclime.s 
slightly ]j3*pertonic); this urine is then .subjected to intense water resorp- 
tion and turned into a seniisolid pa.sle in the cloara or the rectum. In 
the kidneys of fishes, the tubules are not alwij-s provided with glomeruli; 
aglomerular tubules maj- be rather numerous, and several species have 
only aglomerular tubules in their kidne.vs. Truly aglomerular liihulcs 
must necessarily have secretory functions, and they differ thus mo.sl mark- 
edly from mammalian luhuies. In tlie mammalian kidney the (uhules 
have, even on Smith’s own lij'polhesis, rcsorpiivc functions in respect of 
all urinary conslituenls willi lower clearances than inulin and creatinine, 
that is, in respect of walcr and all other biological constituents of the 
urine in health or disease. As mechanisms with different and. indeed, with 
quite opposite functions cannot be directly compared, the presence or 
prevalence of aglomerular tubules in fish kidneys renders it difficult or 
impossible to apply the information derived from renal experiments on 
fishes to mammalian kidneys. 

TJiere is a further reason, Iiowcver, for conconlraling our atten- 
tion e.specially to ntan and apes in the case, of specic.s with diffe- 



156 


GOSTA EKEHORN. 


rent ijiulin- and creatinine-Clearances. This is the fact, that tlie 
difference between the two clearances is said to be very ntarkccl 
and regular in printates. Smith and co-worker’s papers contain 
numerous statements to this effect. It is then exceedingly curious 
that average inulin Clearance, as submitted by Smitli himself 
for man, almost coincides with the generally accepted average 
clearance for creatinine. 

As a matter of fact, Smith puts average inulin clearance at 125 cm^in 
man and average creatinine clearance at 175 cm®. There is no reason to 
dispute the representativeness of the first figure as an average. Hogeman 
in a recent paper (O. Hogeman, Inulin-clearance, Svenska Lakarlidnin- 
gen, 1943, vol. 38, p. 2253 — ^2264.) obtains inulin averages of 121 resp. 
118.6 cm® in two series of 20 resp. 15 Swedish males with healthy kid- 
neys. As a general average for his own cases and for those of the inulin 
literature Hogeman submits the figure of 122 ±20 cc/min. 

Smith’s second figure, 175 cm®, however, is too high for an average of 
creatinine in man. It shall be admitted at once that creatinine clearances of 
175 cm®, and even more, are met with nowand then, as is evident from the 
numerous tables of creatinine tests contained in my latest monograph (Bke- 
horn. Uber die integrat, Natur der normal. Harnbildung). Thus,]oc. cit.p. 
172 — 73 we have two tables of together 35 creatinine determinations on 
healthy grom-up individuals, where this clearance (filtrate-volume) in 
one instance amounts to 200 cm®, although filtration otherwise always is 
below 150 and averages 131 cm®. Loc. cit. p. 221 — 226 are further tables 
of 209 creatinine tests on 59 patients (20 healthy + 24 slightly diseased 
persons "with healthy kidneys -f 5 cases of orthotic albuminuria + 10 
patients ivith slight albuminuria after tonsillectomy etc.). 18 of these 209 
determinations gave creatinine clearances of 200 or somewhat more, 
another 21 cases have clearances of 170 — 200, but the average of the 209 
determinations is 135 cm^. Loc. cit. p. 260 and following we discussed 
another 20 cases, 19 of which had healthy or almost healthy kidneys. 2 
out of these 19 determinations gave clearances of ci’eatinine between 175 
and 200 cm®, 17 determinations gave lower clearances, and the average 
of the 19 determinations is 126 . Loc. cit. p. 330 there is a table of 6 creati- 
nine determinations on 1 healthy person, on l with diabetes insipidus and 
on 1 vith moderate diabetes mellitus, the clearances vary between 99 
and 147, the average is 121 cm^. Loc. cit. p. 361 shows a further table of 10 
creatinine clearance determinations on 10 healthy persons, ranging be- 
tween the extremes of 85.5 and 144, average 112 cm®. Loc. cit. p. 383 is a 
table of 8 creatinine determinations on 8 patients wth hypertonia without 
kidney symptoms in 7 cases, for which latter the average is so cm®. Among 
the very numerous further creatinine determinations in healthy and 
diseased kidneys, discussed in the quoted book, there is only a series of 5 
determinations on 5 patients ■with acromegalia, "w^here creatinine clearance 
averages 170 cm?, the highest individued figure here being 225 cm®. Loc. 
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cit p 451 are 50 determinations on healthy subjects, highest 184, lowest 
136, aperage 158 cc. The werage creatinine clearance of all the above i 

healthy instances is 136.7 cur. 

As in all series, from wliicli an average is computed, indi\ndual 
determinations vary in both directions from the average, i 25 
to 30 cm® denotes the extremes of the usual variations, creatinine 
clearances higher than about 165 and lower than about 100 cm® 
being, although by no means exceptional, yet usually not met 
with.' For convenience of calculation I have often used 125 cm® 


i 25 cm® as an approximate average in my monograph. 

The creatinine determinations referred to above have all been 
executed by kidney workers of undisputablc technical skill (Reh- 
herg, Poulsson, Gardstam, Cambicr). Their very great numbers and 
the close general agreement between them renders it impossible, 
in absence of other published material than isolated experiments 
and general references to an unknown number of determinations, 
to accept Smitli’s figure of 175 cm® as a representative average of 
creatinine clearance in healthy human kidneys. 

Quite irrespectively of tlic question, whether or not the creati- 
nine and inulin elearanccs really, as a rule, differ so much in man 
as is stated in individual cases submitted by Smith and co-workers, 
one thing, however, is obvious from tlic above. This is, that the 
average inulin clearance, submitted by Smith himself and attested 
by others, docs not differ much from the average creatinine clearance 
of by far the most extensive scries of creatinine determinations 
3 vt published, the former amounting to 119—125 cm®, the, latter 


to 135 cm®. One thing more is also obvious, namely, that the 
first average {inulin) is well within the range of ihc most fregnent 
varialions comprised in the latter average figure {crcalinmc). 

If inulin workers base their calculations on an average filtra- 
tion of 122±20 cm® per minute, tlie results of all sound calcula- 
tions will necessarily be comprised also in the results of all similar 
calculations based upon creatinine clearances giving filtration 
volumes of 125-136 cm» ± 25-30 cm=. It must be mplrnsized 
ogam, that the two methods do not differ as to the factors to 
be computed from the filtrate volume or as to the manner of 
these calculations (cf. p, 117 ). 
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Rewording the above discussion, the question whether one 
experimental method is more accurate or reliable than another 
cannot possibly arise in cases where the two methods give iden- 
tical results. 

The fact, that the inulin- and creatinine-m'ethods do give iden- 
tical results in a great number of species, including tlie conunon 
experimental animals, naakes thus a heavy inroad upon Smitli’s 
rather sweeping statements as to the superiority of the inulin- and 
the inadequacy of the creatinine-method. 

Turning then to such species, where the results of t)}e two 
methods are said to differ, we find that the difference in results 
between the two methods is as a rule rather insignificant even in 
man and apes, where these matters can be best examined. EvcJi in 
man, where the two methods are said to differ so markedly, the 
methods agree far more than they disagree. In spite of all Smith’s 
emphasis of great clearance-differences in individual cases, the 
average inulin clearance as submitted by himself differs but very 
little from the average creatinine clearance of by far the largest and 
best-attested series of creatinine tests yet published, and it is in 
any case well within the range of the ordinary variations of normal 
creatinine clearance. The consequence of this is, that no otherwse 
justifiable inference from the results of the creatinine test can 
possibly disagree with justifiable inferences from inulin tests, and 
versus. 

The great superiority, which Smith and co-workers claim for 
inulin over creatinine in tests ad modum Rehbcrgi, appears thus 
rather unwarranted even quite apart from our earlier criticism of 
their experiinents etc. 

This question of superiority is necessarily confined to such 
species, Vi'here the results of the two methods differ; creatinine 
clearance is always somewhat larger than inulin-clearance in .such 
cases, and this difference must be due to either of the following 
alternatives, there being no third possibility. 

a) Either some creatinine is secreted by the tubules in addition 

to that which is filtered in the glomeruli, 

b) or some of the filtered inulin is reabsorbed from the urine 
in the tubules. 
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The arguments, by means of wliicb Smith and co-wkers at- 
tempt to support the first and to rule out the second alternative, 
shall not be detailed or scrutinized here, as it is very obvious from 
the earlier parts of our paper that every one among these argu- 
ments is altogether fallacious. Smith’s discussion of these alter- 
natives is difficult to follow, as almost every particular line of 
argumentation is repeatedly broken by excursions into different 
matters, and as his arguments are not unfrequently derived from 
evidence that has no or but little bearing on the alternatives dis- 
cussed. Other arguments, again, are mere analogies drawn from 
highly conflicting matters. Worst of all, however, is the very in- 
complete consideration of the experimental results from wdiich 
Smith’s argumentation proceeds. Only certain items of his expe- 
riments are taken into consideration; yet the omitted items of the 
same experiments are in every instance important enough to nega- 
tive Smith’s argumentation. 


Tlie alleged tubular excretion of creatinine, said to occur in man 
and apes, has thus neither been prooved, nor, indeed, been rendered 
likely at all. There is, further, complete disagreement betrveen this 
alleged tubular excretion and certain »kinetic» law's and formulas, 
w'hich Smith and co-wnrkers claim to have substantiated in the 
case of tubular secretion and resorption, and which they regard as 
exceedingly important. It is a matter of some consequence, that 
this serious disagreement occurs in creatinin experiments on an- 
thropoid apes, because among those species, wdiere the clearances 
of creatinine and inulin differ, apes afford possibilities of adequate 
analysis of the matter. 

* 

The alleged tubular excretion of creatinine is, further, quite 
negatived by experiments submitted by me from earlier literature. 
As a matter of fact, a phenon^enon, wdiich Smith and his followers 
regard as a most essential characteristicon of every lend of tubular 
secretwn, including alleged tubular secretion of creatinine,is in these 
experiments shown to occur also in species (rabbits), where accord- 
ing to Smith himself all the urinary creatinine is excreted by means 
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of glomerular filtration and none by means of tubular secretion. 
This change in the renal elimination of creatinine is veiy' marked 
in the rabbits. These rabbit experiments, moreover, give a defi- 
nite explanation of this phenomenon on lines that have nothing 
in common "With tubular excretion of creatinine. 

* 

Tubular secretion of a part of the urinary creatinine is clearly out 
of the question in man and apes. Therefore only the second alterna- 
tive remains for explaining the difference between the creatinine- 
and inulin-clearances, namely, that a fraction of glomerularly 
filtered inulin is reabsorbed in the renal tubules of primates. Tlic 
first conclusion can also be supported by a great number of further 
facts and calculations, that are outside the scope of this paper and 
have not been discussed here. The second conclusion receives a 
strong direct support from the observation, that phloridzin equali- 
ses the difference between the inulin- and creatinine-clearances 
in apes, just as it renders the clearances of glucose and of all otlier 
sugars equal to creatinine clearance. In the case of all these sugars 
this effect is certainly due to phloridzin paralysing the tubular 
mechanism of sugar resorption, as Smith himself admits. A diffe- 
rent interpretation of the same effect in the case of Inulin is alto- 
gether unwarranted. It must also be remembered, that inulin is a 
colloid carbohydrate of starch-like nature. The large size and the 
general inertness of its molecules may well account for the fact, 
that inulin is not resorbed by the renal tubules of those species, 
where inulin-clearance normally equals creatinine-clearance. Tliis 
however, constitutes no a priori reason against partial resorption 
of filtered inulin in the tubules of other species, i. e. species with a 
normally lower inulin- than creatinine-clearance. Tlie fact, that 
inulin is closely related to that excellently resorbable sugar, fruc- 
tose, renders such resorption of inulin rather likely in the renal 
tubules of at least some species. 

* ^ 

Several further questions concerning renal tests ad modim 
jichbergi -svill be discussed in a following paper in this journal. 
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Conclusions. 

Inulin and creatinine tests are identical in conception and exe- 
cution, except in so far that different test-substances arc admi- 
nistered. They yield identical results in most animal species in- 
cluding the common experimental animals. The results differ 
somewliat in man and anthropoid apes, but this is due to partial 
tubular resorption of filtered inulin, and is absolutely not due to 
tubular secretion of part of the urinary creatinine, as is alleged 
by Smith and his co-workers. 

Tlie chief interest of the inulin test is no/ due to its giving some- 
what different results from Rehbcrg’s test in man and apes, but to 
its giving identical results in most other .species. Tlic reliability of 
Reliberg’s test is due to reasons not discussed in this paper. I have 
regarded it as superfluous to particularize those reasons here, 
because Smith and his co-workers have not criticized them or 
taken them into consideration at all, but have instead based 
their attack on Rehberg only on the alleged superiority of their 
insulin-test. The reliability of Rehbcrg’s test, however, is not 
lessened but enhanced by the three facts, that identical results 
are obtained in most species with quite anotlicr test substance, 
inulin, that somewhat different results in man and apes certainly 
are due to other causes than irreliability of the creatinine test, and 
that the information to be derived from these tests is hot materially 
affected by using the one instead of the other test. Regarded from 
these points of view. Smith’s inulin test is an interesting contribu- 
tion to renal physiology. 
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Inlroduclion. 

Copper is important in modern medicine for two reasons: 

In Urn first place it is apparent that copper influences many 
biological processes. It is not only, as Hart and his collaborators 
found in 1928, indispensable for the formation of hemoglobin in 
mammals and birds, there also exists a connexion between copper 
and pigment formation (9, 50, 69.) and between copper and car- 
bohydrate metabolism (2, 32, 52.) and in recent years it }ia.s been 
discovered that copper, as well as iron, plays an important part 
in tissue respiration; it is even probable that various oxidases arc 
compounds of copper with protein (8, 20, 39, 59). 

In the second place the therapeutic significance of copper must 
be mentioned. Copper as a remedy has Iiecn in use for a long time. 
Tlie Egyptians already 1500 years before the beginning of our 
era applied copper sails as a medicament and the Greeks in the 
time of Hippocrates already perscribed copper compounds for pul- 
monary diseases. In Western medicine Paracelsus introduced 
copper in the treatment of nerve diseases, lues and affections of 
the lungs and particularly in the 19lh century all sorts of copper 
compounds came into use in the most widely different diseases. 
In the 20t]i century however copper as a remedy ))cgan by rece- 
ding into the background, although, particularly in French medical 



164 


A. H. VAN RAYESTEYN 


literature, it is noted here and there as a remedy for ail sorts of 
infections. 

Latterly there appears to be a change on the way. After the 
experiments of Hart it was natural that copper should again be 
resorted to as a remedy in the treatment of anemias and the litera- 
ture on the subject gives the impression that in some cases of 
anemia, especially in young children, treatment by iron and copper 
is more effective than by iron alone (29, 55, 57). 

Moreover in recent years copper has come into use as a remedy 
in chronic rheumatism and in tuberculosis. In these cases it is 
injected intravenously in the form of an organic compound, Debc- 
sab>. The results in chronic rheumatism are not nearly so good as 
the first reports on the subject by Feflz led to believe but in vari- 
ous forms of tuberculosis it does actually appear that copper can 
have a favourable effect and that it increases the resistance to the 
infection (1, 18, 51). 

Up till now most of the investigators who were interested in 
the role of copper in the human organism have concerned them- 
selves with its therapeutic action and toxicology and vdth the 
copper content of the blood and organs in normal and diseased 
subjects. Alrout the absorption and excretion of copper in man, 
about copper ro.etabolism in a narrower sense, comparatively 
little had been found out up to the present. Tliat is the reason why 
^Ye have devoted this study to this subject. 


Data on copper metabolism in the literature. 

The Absorption of Copper from the Intestines. 

In all foodstuffs and also in our drinking water there is always 
some copper. The estimates of the copper content of foods stuffs 
var}’’ very much with different authors. This need not depend 
solel3’' on the different technique used to determine the copper. 
The copper content of plants for instance varies namely with the 
richness in copper of the soil in which they are grown and may 
be therefore twice as high in one case as in another (12). We give 
here in Table 1. a few figures derived from an exliaustive study 
by Lindow (36). The copper content of calves liver is strikingly 
high (44 mg per kg), also of oysters (30.7 mg per kg) and of choco- 
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Table 1. 

The copper content of various groups of foodstuffs (according to Lindow). 


Class of food materials 

Copper content, 
mg per kg (average) 

Nuts 

11.6 

Cereals 

4.7 

Dried fruits 

4.2 

Various kinds of fish 

2.5 

Animal tissues 

1.7 

Roots, tubers, stalks and bulbs . . 

1.4 

Leafy vegetables 

1.2 

Fresh fruits 

1.0 


late (26.7 mg per kg); strikingly low tlmt of pure unpasteurized 
cows milk (0.14-0.20 mg per liter) (34). The copper content of 
human milk is about three times as high (70). 

It is not kno\vn if man can dissolve and absorb in tlie intes- 
tines the copper equally well from all these organic substances. 
In experiments on anemic rats the absorption of copper from 
organic compounds appeared in any case to take place just as well 
as from inorganic salts; only the insoluble copper sulfide and 
copper porphyrin were absorbed little if at all (56). 

With a normal diet it may be assumed that an adult invests 
about t, VO to three mg of copper eviti, his food per day ami excretes 

f ^ "■'«> Ibc figures of Cliou and 

Iph ivliose experiments for tlie rest did not iasl long enough i„ 
"ur opinion to permit further conclusions to be drasvn 

is tinrreu '‘"■8" i'urccntage of copper 

studies Cltev fW''">enlary copper sails. Balance 

food 

'Vitl. the urine and farees and i "8''’'' '^tofed 

Tlic copper that was recovered in Zt 

was deposited in the tissues was tl • 'i'lontH}' that 

the wall of the intestines ^ case absorbed through 
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It is pro])al)le however that still a third fraction was absorbed 
which in these experiments had escaped observation. It has namely 
been ascertained that copper can again be excreted together with 
bile into the digestive tract and, as we shall see later, it is also 
quite possible that copper is not only absorbed through the intes- 
tinal wall but can also be excreted. We probably recover in the 
faeces copper that has made this circuit and it is not possible to 
tell by means of ordinary experiments how large this lastfraction 
is in the excreta and w'hich portion of the copper in the faeces has 
passed through the intestinal tract without being absorbed and 
excreted again. 

Probably therefore the figures which we find in literature for 
the percentage of copper Avhich can be absorbed are on the low 
side. 

In order to get an idea of the absorption of copper out of nor- 
mal food by test animals we have borrowed a few figures from 
the e.xperiments of Linduw, Peterson and Steenbock. On an 
average in the faeces of two lats about 30 % of the ingested copper 
was not recovered; by far the greater portion of this copper appear- 
ed in the urine. It must be noted however that Sandberg and 
others found the copper content of the urine of a rat to be much 
lower (48). In rabbits Sandberg and Holly have ascertained that 
30 % of the copper in the food is excreted in the urine. Tlie results 
of experiments on human beings correspond very well with the 
results of these tests on animals. Thus Scoular who did balance 
studies on children from three to six years found that no less than 
42 to 85 % of the copper that was present in the foodstuffs was 
absorbed in the intestines and far the greater part of it was depo- 
sited in the body. Only 2 to 6 % was eliminated in the urine. 
Daniels who made similar investigations wdth children of the same 
ages arrived at figures of the same order. 

In any event from these data the conclusion may be drawn 
that the animal and human organism is capable of dissolving and 
absorbing a large part of the copper in normal foodstuffs. 

■\Wien extra copper in the form of copper salts is administered 
per os, experiments show that a elearly observable quantity of 
this also is absorbed bj' the bod}'. Flinn and Inouye w'ho gave, 
in the course of 82 days, 1203.5 mg of copper, dissolved in 
the form of copper chloride in drinking water, recovered 11.34 
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ii;a of copper in the bodies of the rats and 12.36 mg m the urine, 
lliey neglect the quantitj” of copper wliich is normally present 

in the bodies and urine of rats. .... ^ 

A higher percentage of the copper is absorbed if it is given for 

a shorter period. In Lindows balance studies a rat that got 30 
mg extra copper every six days, retained in its body 18.5 % of the 
copper administered in the first period and in the second period 
of six days 10 % copper; in the third period there was 

alread)’’ more copper excreted in the urine and faeces than was 
ingested in that time. Filehne found in a rabbit that had rccicved 
a verj’' large quantity (the half of the lethal dose) of sodium copper- 
tartrate all at once by mouth, and had been killed 36 hours later, 
that 25 % of the copper could not be recovered from the contents 
of the intestines and in the faeces and therefore must have been 
absorbed into the body. (15). 

We did not find in the literature available here at present 
any mention of tests on human beings for the absorption of copper 
salts. 


The Distribution of Absorbed Copper in the Oryans. 

It might be expected that, after the administration of a soluble 
copper salt which as we have seen is in part absorbed bj' the bod)', 
a temporary rise in the copper content of the blood could be demon- 
strated. Tiiis only succeeds when a ver)' large dose is given. Thus 
Eden and Green found that in sheep the copjier content, of the 
blood only rises if more than 2 g of copper sulfate is introduced all 
at once into the stomach with a stomach lube. With still larger 
doses in their tests the copper content of the blood rose to 6 to 
8 times the initial amount. Flinn and Inouye found in dogs who 
recieved no less than 500 mg of finely pulveri;ccd metallic co])per 
per day a copper content of 2.97 mg % in the plasma and 1.27 mg 
/o in the red blood corpuscles, amounts respectively 20 and 10 
times as high as the normal content. 

The tests of Schurhoff, also on sheep, who thought he could 
demonstrate a rise in the copper content of the blood after the 
administration of copper salts by mouth are not in our opinion 
entirely convincing. From his data namely it is not possible to 
make perfectly sure if the variations which he observed in the 
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copper content after the dose of copper were greater than the 
variations which might be expected in the results obtained by the 
technique of copper determination used by him. 

The only investigator who describes an increase in the copper 
content of the blood (the serum in this case) after only a small 
dose of copper salt is Sachs (47). Unfortunately only a summary 
of his article was obtainable. Guillemet, who gave a somewhat 
larger dose to the same test animal, a dog, found no subsequent 
rise in the copper content of the blood or of the serum. Probably 
the absence of a rise after the administration of a small dose must 
be because the copper that is obsorbed into the blood of the vena 
porta is immediately deposited in the liver. 

The liver namely is the organ in which the largest portion of the 
copper which is assimilated through the intestines or administered 
intravenously is stored. In rabbits (27, 41) as well as in rats (27, 
33) the copper content of the liver can rise to an amount 50 to 
100 times as great as that in normal test animals when for several 
months large quantities of copper salts are administered per 
mouth. In the other organs under these circumstances copper is 
either not stored at all or is stored in much smaller measure. In 
the kidneys the copper content of the rat can rise to double tlie 
amount (33, 37); the different investigators do not agree about 
the possibility of a deposit of copper in the spleen (3, 27, 33, 37). 

If a large, just short of deadly dose of soluble copper salt is in- 
jected intravenously into rabbits or sheep the largest part will at 
first be recovered in the plasma. Within a few' hours the distribu- 
tion betw'een the plasma and the blood corpuscles has become 
even. Tlie copper content of the blood as a matter of fact sinks 
rapidly after the injection to the normal amount: in 6 to 24 hours 
the normal height of the copper content is reached again (11). 


The Excretion of Copper with the Urine. 

In all test animals and also in man, copper as a rule is found 
in the urine. Opinions however differ wddely as to the normal con- 
tent. We shall limit ourselves here to the statements which refer 
to man. 
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Rabinowitch found in adults amounts which vary from traces 
to 0.7 mg per day, Tompsett gives 0.12 to 0.52 mg as a normal 
amount and Hcilmeyer speaks of )>at most the merest traces#. 
According to Tompsett the variations from day to day in tlie same 
person arc as great as the differences in the excretion of different 
people, llie copper content in the urine of children is about equal 
to that of adults; the total quantity whicli they excrete per day is 
proportionately lower (10, 28, d5). ^Yilh test animals the copper 
content of the urine increases as a rule when extra copper is given 
by mouth. The quantity excreted through the kidneys remains 
small however compared with the quantity ingested. Flinn and 
collaborators in his balance studies on rats recovered about 1 % of 
the copper taken by mouth and from the figures ofLindowand 
coll, it appears that with their rats at most 1.7 % of the extra 
copper given was recovered in the urine. At the same time the 
copper content of the urine had risen to about 5 times the normal 
amount. Brandi reports that he also oliserved in a dog a copjier 
excretion through the kidneys after admijuslration by ntoulli of 
a copper salt. Filchne is the only one who can point out in the 
urine a large portion (more than 25 %) of the copper salts which 
he had given by mouth to test animals. 'Hie dose which lie gave to 
his rabbits was so strong that it Avas immcdiatel}' followed by a 
complete anuria lasting 36 hours! 

In man, Lehman in 1891 already, found that of .30 mg copper 
that hegaveper os notlcss than I to 5 mg were excreted in the urine 
in three days. It is hoAvover a question whether the. technique of 
his copper detennination Avas entirely reliable. Hess and Rahi- 
noAvilch hoAvever also both found tliat in man the cojiper cojitent 
of the urine Avas higher Avilh food rich in copjier than willi a diet 
containing less copper. 

Mter intravenous administration of a very strong dose of cojiper 
Brandi in a dog and Callegari in a rabliit found a considerable, 
copper excretion in the urine. It is Ivnown hoAvever that Avith 
such a high dosage as they used the kidneys of test animals may be 
harmed. Therefore in our opinion no conclusion may be draAvn 
from llicse cxpcrimcnls will, U,o rcB.m,! Ic, H„. oxm'lirai of oopner 
under normal conditions. 
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Excretion o{ Copper with the Bile and via the Intestinal Wall. 

Brandi found by his experiments on dogs that he had given 
copper salts by mouth or by injection, a very high copper 
content of the bile (24 to 350 mg per liter). He does not however 
give any figures for the normal level of the copper content of the 
bile and from his description of the technique used for copper 
determination it cannot be determined with certainty if this may 
not have depended on a technical error. 

Flinn and Inouye saw in a cat that had a fistula on the gall 
bladder that the copper excretion in the bile, after administration 
of copper chloride by mouth rose from 0.24 mg to 1 mg per day. 

Goralcwski, who injected in rabbits intravenously an organic 
copper compound recovered subsequently an important quan- 
tity of copper in the faeces, but he found that the copper content 
of the bile after the injection had not risen. Uyeda and Sugihara 
also think that no distinct excretion of copper takes place with 
the bile. 

These data out of the literature differ widely and do not permit 
any furtlier conclusions to be drawn. 

Tliere is still only very little knovm about copper excretion 
witli the bile in man. It had early already struck a few investiga- 
tors that gallstones except purely cholesterine stones contained 
a comparatively'' large amount of copper (53, 54). Systematic in- 
vestigation of the excretion of copper with the bile have up till 
now scarcely been performed. A few data were found in an article 
by Judd and Dry, wdio determined the copper content of 19 gall 
bladders of surgical cases and in the bile emanating from a hepati- 
cus drain in three other victims of gall bladder complaints, who 
had been operated. Tlie copper content varied in the first group 
from 0.091 to 1.07 mg per 100 cm^ and in the second group from 
0.063 to 0.325 mg per 100 cm^. It goes wdthout saying these figures 
cannot be compared without question with the amounts which 
are found in healthy people. 

From the tables of Lindow and collaborators (37) it appears 
that in the rat a distinct excretion of copper takes place in the 
intestines either with the bile or through the intestinal wall. Ihe 
test animals were first of all given during 18 days copper sulphate 
by' mouth, ^^^len subsequently during 6 day's the extra copper 
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dosage was slopped the copper content of the excreta still remained 
during 6 to 12 daj-'s distinctly higher than in the control period 
Avhicir preceded the administration of the copper. After six weeks 
the copper content of the faeces and urine had not only become 
normal again but it appeared that the copper content of the liver 
had also sunk to normal. 

Goralcwski, Calligari and Sugihara also found in the rabbit an 
increased copper content of the contents of the bowels after an 
intravenous administration of copper. Ihcy assumed an excretion 
of copper through the intestinal wall. For the sake of complete- 
ness we shall still mention here the tests of Sandberg and collabo- 
rators which seem to indicate that perhaps the spleen also plaj'sa 
part in the metabolism of copper. He found namely in rats as well 
as in rabints that the removal of the spleen causes a rise in the 
excretion of copper in the faeces. (48, dO). 

'iVe could not find in medical literature any data on copper 
excretion with the bile or ria the intestinal wall in man after admi- 
nistration of copper Iiy mouth or by intravenous injection of cop- 
per compounds. 


Present Investigation, 

A. Technique of Copper Determination. 

Since Sarzeau in 1832 as a pioneer pertonned Ihe lirsl qu.au) it alive 
copper determinations in organic inalerial (13), dozens of differeni methods 
have been worked out. It is outside the scope of this study to discuss them. 
They are described for a large pari in the cxliaustive review by Ifoil- 
meyer (25). 

We ciiose the carbamate reaction Avhich was first used by Dclepine 
(07) and later was reintroduced by Callan ami Henderson (5). This melliod 
is not complicated but willial so sensitive that by it the smali quantities of 
copper occiirjng in a few culiic cenUmetcr.s of blood or bile can im exactly 
determined. 

The principle of copper dctvrmitiation with andiuin diclliulditlnoearhaimtc. 

When cupric ions are combined wdth a solution of sodium diethyldilliio- 
carhamate in water a golden yellow copper carbamate eomjiound ari.ses 
which can he extracted with amyl alcohol {40}, and of which ilio colour 
intensity is m proportion to the copper content, indoiiendcnt of llie pH 
of the miheu and llic conceniralion of the rcngoul. This reaction is not 
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entirely specific. Particularly iron can easily cause disturbances since 
it gives with carbamate a broA\'nish yellow colour. ,For this reason sodium 
pyrophosphate is added to the liquid to be examined, which in an alkaline 
medium forms a non-ionised compound with the ferric ions so that the 
reaction of the carbamate reagent with the cupric ions cannot be influenced. 

Cobalt can form with the carbamate a yellow compound. By the addi- 
tion of sufficient ammonia it is not necessary to expect any inconvenience 
from this because the intensity of the colour of this compound is much 
weaker than that of copper carbamate and the concentration of cobalt in 
the materials examined by us lies deeper than that of the copper. (31, C2). 
Lead, zinc, manganese and a number of other rarer metals can if they are 
present in comparatively large quantities cause a clouding with the reagent. 
We did not experience from this any inconvenience in our determinations. 


Copper Determination in Blood, Bile, Gastric Juice, Faeces and Urine. 

Chemicah: We used sodium pj'rophosphate, sodium dielhyidilhiocar- 
bamate, 30 % hydrogen peroxyde, 25 % ammonia and 25 % hydrochloric 
acid of the lilerck Company, and sulphuric acid (S. G. 1.84) according to 
the Netherlands pharmacopoea. 

The trichloroacetic acid and the concentrated nitric acid were distilled 
before use in a glass apparatus; the same was done to the amyl alcohol 
used, which had previously been dried nith calcium chloride. 

For making the solutions, diluting of serum etc. redistilled water was 
always used. 

Filters: We always used the ironfree filters of Schleier and Schiill, 
No. 589-, 9 cm in diameter. 

Glassware; It appeared to us that for the cleaning of separators, pi- 
pettes, test tubes, etc. if is sufficient to thoroughly rinse them with the 
tapwater in our laboratory which contained about 0.100 mg Cu.per liter. 
After cleaning, the glassware was as far as necessary dried in an oven, 
only the porcelain bowls in which the faeces were dried, had to be treated 
for several hours with a mixture of 50 cm® nitric acid and 1 liter of con- 
centrated sulphuric acid, before they were cleaned with water. 

By blank determinations we convinced ourselves that the glassvnre, 
the puncture needles of rustless steel, the receptacles for faeces and urine, 
the duodenal tubes and such did not contain any disturbing amount of 
copper. 

Determination o/ Copper in Serum and Blood. 

We followed on broad lines the method of Heilmeyer (25), which ne 
had to revise however as we did not dispose of any micro-cups with the 
photometer and in any case did not wish to use more than 6 cm® of bloo 
or serum per analysis. Furthermore we took a weaker carbamate solution, 
such as Miss Steussy (62) has reported. We could confirm her favourab e 
results. 
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6 cm’ of blood made non-coagulaling by copper free Ii^oid (Roclie) 
or 6 cm’ of serum ^vhicll is obtained by collecting llie blood in a centrifuge 
tube and after clotting, for 10 minutes centrifuging it, is pipetted in a 
lar^e centrifuge tube of 50 cm’. To this is added 18 cm’ of aqua bidest. 
(from a burette) and 6 cm’ of 20 % trichloroacetic acid. Mix thoroughly 
with a stirring stick, mtuI ten minutes, then centrifuge for ten minutes 
(3000 turns per minute). 

\fter the protein has been precipitated in this way and the copper has 
been released by the acid, 20 cm’ of the super natant liquid is pipetted in 
a separator of 75. cm’. To this are added 4 cm’ of 4 % sodium pyrophos- 
phate, 2 cm’ of 25 % ammonia, 5 cm’ of amyl alcohol and 0.5 cm’ of 1 %, 
sodium dielln'ldithiocarbamate and shaken vigorously for one minute. 
The separator 's allowed to stand until the upper alcohol layer has entirely 
separated itself from the liquid below; this is slowly drained off and tlie 
amylalcohol is poured through a filter, which retains the still present 
■\vater, into a test tube. Once in a while the amyl alcohol remains cloudy 
after pouring off. By centrifuging this emulsion and then lolling the 
■svater run off in a separator before filtering, it is usually possible in these 
cases also to eliminate the water from the amylalcohol. 

The intensity of the yellow colour of tlie amylalcohol is measured 
nithin the. hour in a »PaIfrich Slufenphotomclor<> in a 10 mm cup, with 
the filter S — 13. The quantity of copper expressed in micro grams (■/), 
is then 2G times the recorded extinction. Since only 20 cm’ of the 30 cm’ 
(blood -f water + trichloroacetic acid) is used for the actual determination 
the quantity of copper that is found derives from 20/30 of Gem’ = 4 cm’ of 
blood (serum). In order to find the copper content per 100 cm’ of l)iood or 
serum it is necessarj' merely to multiply the amount recovered by 25. 

In spile of all precautions some traces of copj)er arc released from the 
chemicals and the glassware used in every assay so lhal Ihc amount reco- 
vered is loo high. Therefore is aln-nys necessary along.side l})e actual cop- 
per determination to perform a blank determination, which is done exact- 
ly as the other analysis e.vcept lhal in place of G cm’ of blood or serum 
6 cm’ of redistilled water are used. Tlie re.suU of this »blank» is Iben de- 
ducted from the result of the actual test. 


Determination of Copper in Bile and Gastric Juice. 


Since m the determination of cojiper in tlie bile tlie extraction of the 
copper With trichloroacetic acid did not give satisfactory results the or<m- 
mc material was first destructed with sulphuric acid, nitric acid and 30% 
iiydrogen peroxyde. 

a few niare! destruction lube 

r.V 77 i 7 prevent bumping, 2 cm’ of concentrated sulphu- 

ric acid and 3 cm’ of nitric acid after which the liquid is carefully healed 
er a flame imtil the mixture has turned black and wliite clouds have 
been developing in it for several minuto.s. I, is ,hen coolcld for abm.t oH: 
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minute, thereupon 2 J/^ cm^ of 30 % hydrogen peroxyde are added to it 
drop by drop, after which the liquid is again heated until white clouds 
form. This process if necessary may be repeated once or twice with for 
instance 1 cm^ of hydrogen peroxyde, until a crystal clear solution has 
been obtained. This is decanted into a separator, the tube is rinsed three 
times with in total 25 cm= of redistilled water; 4 cm^of sodium pyrophos- 
phate are added, the liquid is made alkaline with ammonia, is cooled, and 
the determination subsequently carried out in the same way as described 
for blood. 

Alongside it a blank determination is ahvays performed wdth the same 
chemicals without bile or gastric juice. 


Determination oj Copper in the Faeces. 

The faeces are placed in a previously weighed porcelain vessel and 
dried for about 12 hours in an oven at a temperature of fully 100° or on an 
asbestos plate over a flame. Afterwards the dish with the dry faeces is 
weighed and the latter is transferred with the help of a porcelain spatula 
to a mortar and pulverized. A sample of the powder of 400 — 500 mg is 
carefully weighed off. This is put into a destruction flask of 300 cm® with 
a few pieces of quartz and 6 cm® of concentrated sulphuric acid and heated 
violantly for a few minutes. After cooling 20 cm® of perchloric acid are 
added and the mixture is evaporated for about 30 minutes until a fairly 
colourless, slightly cloudy liquid remains. When the contents of the vessel 
have cooled again, 2 ^ cm® of hydrochloric acid and about 50 cm® of redi- 
stilled water are added to it; the liquid is poured off through a filler into a 
100 cm® volumetric flask. The Kjeldahl flask and filler are rinsed three 
times with about 15 cm® of redistilled water and the volumetric flask filled 
up to 100 cm®. Of this 20 cm® are taken (or, if th'e faeces are very rich 
in copper, 5 cm®) and the copper content of it is determined as described 
for the bile. This assay is also accompanied by a blank. 

A simple calculation gives the copper content of the sample of faeces 
that -was dried. 

B. With this method of destruction it is well to be on guard against 
the explosive properties of perchloric acid. 


D etermination oj Copper in the Urine. 

40 cm® of urine with 4 cm® of concentrated sulphuric acid, 5 cm® of 
nintric acid and a few pieces of quartz are evaporated in a 300 cm® destruc- 
tion flask to a black mass. To this is added, as described for the bile, 

hydrogen peroxyde, and when a crystal clear liquid has been obtained the 

contents of the retort are rinsed out into a separator. Before the addition 
of ammonia in this case, besides 4 cm® of sodium pyrophosphate, 1 cm® of 
20% sodium citrate is added in order not to he inconvenienced by the forma- 
tion of insoluble calcium phosphate (65). This estimation is also accom- 
panied bj' a blank. 
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Accuracy of the Method. 

In order to investigate tiie reliability of our method we performed first 
of all a series of determinations Avith a known quantity of copper. For 
this we used three different standard solutions of copper sulphate, acetized 
AAith a little hydrochloric acid to prevent the absorblion of copper by the 
glass surface and pipetted it off in carefully measured quantit ies. 

We performed 5 analyses with a quantity of 2y, 5 with 4 y, 3 wdlh 
10 y, 1 with 20 y and 3 with 20.87 y of copper. In this range there is a 
constant relationship between the extinction coefficient and the con- 
centration of the copper, the light absorblion obeys the Lambert-Beer 
law. In our analyses the extinction coefficient, in using 5 cm» of amylalcohol 
and filter S 43 appeared to amount to 0.0385 per g of copper. It is thus 
possible to find the number of micro grams of copper in the sample 
examined by multiplj-ing the extinction coefficient read, by 1/0.0385 = 26. 
It appears that the maximum error in determinations with 2y /was 15%, 
with 4 y 7 % and with more than 4 y 4 %. 

The accuracy of the determination in blood and serum was tested 
first of all by doing 6 anah'ses in duplicate and 3 analyses in triplicate. 
The greatest difference between two analyses on the sanie sample amount- 
ed to 10 %. Furthermore we added to three samples of serum of which 
the copper content had previously been determined, 8y of copper and did 
the determinations over again. The additional copper was recovered with 
a maximum error of 7.5 %. 

Finally w’e determined the copper content of three samples of serum 
and three samples of blood side by side, after troalmenl with trichloro- 
acetic acid and destruction as described for bile. It appeared that the dif- 
ferences came within the above mentioned margin of error so tliat it may 
be assumed as indeed it is stated in literature (25) that with trichloro- 
acetic acid all the copper in blood and serum is released. 


In order to discover the margin of error in our determination of copper 
in urine, bile and faeces we added to a few samples of which the copper 
content had previously been determined, a knowTi quantity of copper and 
then tried to find out in a second test if tiie additional copper could be 
recovered with sufficient accuracy. 8 y of copper added to 4 different 
samples of urine were recovered with a maximum error of 10 %. 8 y of 
copper added to 2 different samples of hile were recovered with a maxi- 


mum error of 7.5 % and 41.75 y of copper in 4 samples of faeces were 
recovered wdlh a maximum error of 10 %. 

TJie results of the blank determinations were fairly consUml. In llie 
blank tests m blood, serum, gastric juice, bile and urine we found 0.5— 
0.8/ y of copper per determination, in Aieces 4.25-6.5 y. It i.s permissible 
to conclude from these data fl.at the method described i.s .sufficiently accu- 
ra e for our purpose. In the determinations of blood, bile and faeces the 
error m an analysis may be estimated at almcst lo %; in urine and gastric 

minifior" sometimes very low Ibe error in^deler- 

mmation is natural)}' proportionately liigher. 
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B. Copper Metabolism in Man. 

In our own investigations we have tried to find out to wliat 
extent man absorbs a copper salt, administered by mouth and 
subsequently how the excretion of the absorbed copper takes place 
and paiticulaily if the copper content of the bile increases after 
administration of copper. 

We furthermore investigated the excretion via urine, bile and 
faeces of copper, injected intravenously after we had first examined 
how quickly the administered copper disappears out of the blood- 
stream. 

Copper content of bile, gastric juice and urine in normal persons. 

Before v'e discribe our further tests we must first discuss the 
normal levels of the copper content of bile, gastric juice and urine 
in our test persons. 

In Table 2 are data which we collected about 8 normal persons 
whose bile we obtained once ore twice with a duodenal tube of 

Table 2. 

The copper content ot the bile and gastric juice in normal subjects {y%). 


Xr 

Subject 

Bile 

Gastric 

Juice 

1. 

Female 

35 

15 


aged 30 



2. 

Male 

GO 

35 


aged 30 



3. 

Female 

175 



aged 25 

1 SO 

10 

4. 

Female 

85 

40 


aged 23 



0 . 

Female 

115 

25 


aged 25 



6. 

Female 

1 

■ 120 



aged 30 

1 

[135 

10 

7. 

Male 

J 

ISO 

25 


aged 33 


[205 


8 . 

Female 

205 



aged 35 
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.Tables. 

The copper content of the urine in normal subjects. 



Female 

aged 23 

Male, aged 30 

Male, aged 40 

Male aged 23 

Day 

Copper 
content 
<V %) 

Copper 

per 

day{y) 

Copper 

content 

(y 

Copper 

per 

day (y) 

Copper 

content 

(y %) 

Copper 

per 

day (y) 

Copper 

content 

^y %) 

Copper 

per 

day (y) 

1 

4.5 

20 

2 

25 

3.5 

45 

3.5 

55 

2 

12.5 


C 


2 

35 

2.5 

35 

3 

5.5 

45 

6 

■■ 

0 


2.5 

40 

4 

5 


,6.5 

65 

0 


trace 

trace 

5 

5 

50 

2 

15 

4 


trace 

trace 

6. 

4 

15 

3 

55 

— 

— . 

trace 

trace 

Average 

6 

43 

4.25 

48 

2 

22 

1.4 

22 


Einhorn. The copper content of the bile (»A-biIe») amounted to 
from 35 to 205 y %. The copper content of the gastric juice was 
always lower than that of the bile and amounted to from 10 to 
40y.%. 


In order to discover the normal copper content of the urine we 
determined the copper content in the urine of 4 normal persons 
and the total quantity excreted in the urine, during 5 or 6 days. 
During this period the diet was not altered. As may be seen in 
Table 3 the levels vary widely but they are in any case very low, 
compared to the copper content of bile and faeces. We found in the 


urine a content of 0 to 12.5 y % and a total quantity per day of 
0 to 100 y copper, while the average excretion per day varied 
from 22 to 48 y. These figures are lower than generally found in 
medical literature, only Heilmeyer also says that he found at most 
traces of copper in the urine, without giving any figures. Tompsett 
and Babinowitch who performed this test on a much larger series 
of adults found alongside of equally low figures also levels of 41 
and 48 y %. It is possible that this difference is due to an error 
m their technique or in ours; , it is also quite conceivable that if 
we had examined an equally large series of persons we might 
have found among them equally high levels. 


.Aria mrd. scandinap. Vol. CXVIII 
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Absorption and excretion' of copper after administration by mouth. 

In order to trace the absorption and excretion of the copper we 
■went to work as follows; 

For three test persons in whom a .clinical examination had not 
found any anormalities, a diet was perscribed that during the 
whole test, i. e. for at least 21 days, consisted each day of the same 
solid and liquid food in the same quantities. Care was taken that 
they should entirely consume this ration and not eat anything on 
the side. In order to make the test more or less attractive the diet 
was previously discussed with the test persons and prepared as 
far as possible in pre-war style. After they had taken this ration 
for at least 3 days all urine and stools were collected in 24 hour 
portions. For the analysis of the faeces we usually took 3 daily por- 
tions at once. 

Now during a control period of 6 days the copper excretion in 
faeces and urine was determined, besides which the copper content 
of the bile in test persons A. and B. was estimated. In this way an 
impression was gained of the normal (basal) excretion of copper 
of the test person with this particular diet. Hereupon he received 
in the course of 3 days 9 cachets with 50 mg of copper sulphate 
with his meals. To the first and last dose a half gram of carmine was 
added in order to mark the feces belonging to it. By comparing 
the copper content of the faeces in this second period with that in 
the control period preceding it we could determine what portion of 
the copper sulphate was excreted directly in the stools and how 
much copper remained in the body. Considering that in the intes- 
tines not only an absorption but also an excretion of the copper 
can take place it is naturally quite possible that already in this 
second period a part of the copper, that had been absorbed by the 
intestinal wall, was excreted again into the intestines. In this case 
the percentage of the dose of copper that is absorbed is still higher 
than "vs’e "were able to demonstrate with this arrangement of the 
experiment. 

After all the carmine in the faeces had disappeared and we 
might assume that also the copper sulphate which w’as mixed with 
the food had been eliminated from the intestines we again deter- 
mined for a period of 6 days the excretion of copper in the urine 
and faeces and compared this ■vsdth the excretion of copper during 
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Tabic 4. 


Absorption and excretion of copper after adminislratiou of copper sulphate by 
ADSorprion A ffomnle. acted 231. 



Copper 
conleui 
of the 
bile 


Copper 
conleui 
of the 
fncccs 

Notes 

Day 

y per 
day 

.•Vverag< 

Average 
per clay 

1 


20 




2 

3 


100 

45 

43 y 

3.28 nig 

Control period (normal excretion). 

4 


' 30 




5' 


50 




C 

85 y % 

15 




m 


35 



xVll togcUier during this period: 



•25 



114. .50 mg. Cu extra were adininis- 



35 

41 V 

13.67 mg 

Icrcd, 82.04 mg. Cu extra Avere 

10 


30 



excreted. 32.52 mg. Cu were relai- 

11 

235 y % 

CO 



ned in the body. 

12 


CO 




13 


CO 

45 J' 

5.23 mg 

1.95 mgCu extra excreted per day. 

14 


30 





t]ie control period in order to sec if part of the absorbed copper was 
again chminated from the body by this route. In test persons 
B. the copper content of the bile was again determined in this 
period. 

Notes on test subject A. 

In Table 4 the results of our first experiment are collected. After 
the normal copper excretion with a regular diet had been deter- 
mined during 6 days (43 y copper per day in the urine and 3.26 
mg per da}' in the faeces), the lest person was given during the 
first 3 days of the second period 50 Pig extra of copper sulphate 
three times a day (in total 114.56 mg of copper). After this treat- 
ment the excretion of copper in the urine remained the same, in 
the corresponding faeces in this period of 0 days a total of 82.04 
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Table 5, 


Absorption and excretion of copper after administration of copper sulphate bv 
mouth; Test subject B (male, aged 30). 


Day 

Copper 
content 
of the 
bile 

Copper content 
of the urine 

Copper 
content 
of the 
faeces 

\ 

Notes 

y per 
day 

Averag' 

Average 
per day 

1 


25 




2 


70 




3 


60 

48 y 

2.10 mg 

Control period (normal excretion). 

4 

60 y % 

65 




5 


15 




6 


55 




B 


15 



All together during this period; 



trace 



114.56 mg. Cu extra were admi- 

m 

90 V % 

trace 

24 y 

15.94 mg 

nistered, 83.07 mg. Cu extra were 

10 


35 



excreted, 31.94 mg. Cu were retai- 

11 


50 



ned in the body. 

12 


35 




13 

317 y % 

75 



Per day during this period; 

14 


trace 


• 

1.72 mg. Cu extra were excreted 

15 


trace 

17 y 

3.82 mg 

0.67 mg. Cu extra were adminis- 

16 





tered. 

17 

210 y % 

15 




IS 


15 




19 

195 y % 






mg more copper were excreted than in. the previous period. Thus 
114.56 — 82.04 = 32.52 mg of copper or 29 % of the copper sulphate 
given, were retained in the body. 

The third period was terminated too soon and was therefore 
too short to permit of definite conclusions. It may be said however 
that the impression was gained that the copper content of the 
faeces had risen and that thus a part of the absorbed copper was 
probably excreted again via the stools. 

The copper content of the bile is noticeably higher after the ad- 
ministration of copper than before. 
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Table 6. 

Absorption and excretion of copper after administration of copper sulphate by 
mouth. Test subject C (female, aged 26). 


Day 

Copper 
content 
of the urine 

Copper 
content 
of the {aeces 

Notes 

Average per 
dnv 

Average per 
dnv 

1 

till 

6 

14 y 

1.42 mg 

Control period (normal excretion). 

7 



All together during this period: 

till 

18 y 

9.62 mg 

114.56 mg. Cu extra were administered, 




86.62 mg. Cu extra were excreted. 

15 



27.94 mg. Cu were retained in the body. 

16 



Per day during this period: 

till 

16 y 

3.35 mg 

1.93 mg. Cu extra were excreted per day. 

21 



» 


copper excretion in those 9 days and there were thus 1 14.5—86.62 
= 27.94 mg of copper retained, i. e. 24 %. We were obliged to 
make in this case the second period rather long, 9 days, in order to 
be certain that at the end of it ail the copper sulphate out of the 
food had disappeared with the faeces. The copper excretion with 
the urine rose slightly, the difference with the previous period is 
however in our opinion of no significance. 

During the third period the copper excretion in the stools 
remained 1.93 mg per day higher than in the control period. Thus 
here also it seems probable that in that time a part and even an 
important part of the absorbed copper was excreted again via the 
intestines. The copper excretion via the kidneys had here also not 
increased noticeably. 


The Excretion of Copper with the Bile. 

We examined the excretion of copper in the bile, after admi- 
nistration of copper sulphate by mouth not only in test persons 
A and B but also in a patient with a light case of bronchial asthma 

















184 


A. H. VAN nAVESTEYN 


■who -was given 150 mg of copper sulphate per day for 14 days. In 
Figure 1 the data of the three experiments have once more been 
summed up. It appears that in all three cases the copper content 
of the bile shows a strong increase. Wlien we examined the bile on 
the first day after the administration of copper sulphate had been 
stopped we always determined at the same time the copper con- 
tent of the gastric juice to see if no more copper sulphate had 
remained behind in the upper part of the digestive tract. This 
appeared not to have been the case. 

Moreover we investigated the copper excretion with the bile in 
six surgical cases in whom after a cholecystectomy a hepaticus 
drain had been applied. As it was possible with them to collect 



Fig. 2 Copper content of the bile, collected by hepaticus drainage 


and examine the bile continuously for many’ days we were able with 
these test persons to determine more easily at what moment the 
increased copper excretion begins to appear after the administra- 
tion of copper sulphate. Furthermore there is the advantage that 
the bile collected in this way is not polluted by gastric juice or in- 
testinal juice and also can not be mixed with more or less con- 
centrated bile from the gall-bladder. One great objection to this 
method consists of the fact that only patients can be examined 
who shortly before have undergone a serious operation under 
narcosis and besides that in these people generally a large part of 
the bile has not reached the intestinal tube so that among other 
things also a certain quantity of copper in the bile which other- 
wise might have been absorbed again from, the intestinal tract 



0 ^ 



^etore 
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is in this way withdrawn from the body. Besides these patients in 
the first week after operation ingest only very little copper with 
their diet. To this we ascribe the fact that the copper content of 
the bile in our surgical patients is in most cases so much lower 
than in normal test persons. 

We examined in the first place the copper content of the bile 
in 3 patients without any extra copper having been given in order 
to learn the normal variations of the copper content under these 
circumstances and gave to 3 other patients during 2 to 4 days 150 
mg of copper sulphate per day after the bile had already been 
examined for several days. As may be seen in Figure 2 the copper 
content of the bile in the first three patients did not show any ten- 
dency to rise in the first week after the operation. From Figure 
3, 4 and 5, it. appears that after administration of copper sulphate 
the copper content of the bile does in each case show a definite in- 
crease; this rise appears only after from 1 to 4 days and reaches its 
maximum probably still later. 


Copper Content of the Blood after Administration of Copper per 

Mouth. 

Finally we investigated whether the absorption of copper after 
the taking of copper sulphate also promotes a rise in the copper 
content of the blood or serum by giving to 3 test persons 200 mg of 
copper sulphate in pills at breakfast and measuring the copper 

Table 7. 


The copper content of the blood before and after the administration of 200 mg 
of copper sulphate by mouth (y %). 


Subject. 

Time: 

0 

'4 

1 

2 

4 

8 

24 ■ 

hours. 

3\Iale. Aged 38 

Copper content 
of the blood 

140 

■ 

150 

145 

145 




Male. Aged 32 

Copper content 
of the blood 

142 

130 

122 

113 

137 

97 

117 


Male. Aged 45 

Copper content 
of the blood 

95 

n 

112 

105 

107 

■ 

P 



of the serum 

98 

■ 

97 

97 

105 

■ 































METABOLISM Of COPPER IN MAN 


187 


content of the blood at several different points of time before and 
after. As may be seen in Table 7 a rise cannot be observed; the 
variations in the copper content are' not greater than normal 
variations. To a fourth test person, a normal man, we gave during 
3 days 150 mg of copper sulphate per da 3 ^ This also liad no influ- 
ence on the copper level of the blood. As we have already men- 
tioned in the discussion of tlie literature on the subject, the pro- 
bability is that the copper after absorption from the intestinal 
tract and assimilation in the vena porta is immediately deposited 
in the liver unless a very large dose is given. 


Copper metabolism after intravenous administration of copper. 


After we had examined the absorption and excretion of copper 
after administration per mouth it seemed worlhwilc to invesligale 
how the body deals with copper that has been injected inlravein- 
ousJy, all the more since this method of administration is again in 
recent years used more frequently in therapy. For this wc look 


Fig. G. 



Copper content of the blood, before and after inlr' 
tion of copper (100 mg ebesal). 


ivenous adinin/stra- 
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a copper compound which latterly has been most used for this 
purpose and that even in a rather large dose does not have a toxic 
effect: it is Ebesal of the Bayer Company, an organic copper salt, 
soluble in water (sodium copperallylthioureabenzoate), that con- 
tains about 19 % copper. It is naturally quite possible that the 
results obtained with this compound do not exactly hold good with 
anorganic copper salts. 

In the first place we investigated how rapidly copper, injected 
it this way, disappears again out of the blood stream. After we 
had first for a few days previously given one or two small doses of 
ebesal as a test dose, we slowly injected intravenously 100 mg of 
ebesal (19 mg of copper) and measured just before and at several 
points of time afterwards the copper' content of' the blood that 
we drew from a vein in the other arm; The result is to be seen 
in Figure 6. The copper content of the blood rises right after the 
injection to three to four times the initial level, and after 2 to 4 
hours the copper content of the blood has already become nor- 
mal again (in test person no. 3 it Avas after that time still a little 
higher than the initial level but just about as high as it had been 
a feAv days before, when it amounted to 137 y %). So this agrees 
Avith the data collected Avith the test animals. 


Copper Excretion with the Bile, Urine and Faeces. 

In order to determine the excretion of copper after intravenous 
injection we proceeded in the same manner as for the experiments 
for AA^hich copper sulphate Avas given by mouth. The tAvo test 
persons, both healthy men, first AA^ere given for three days a regu- 
lar diet, Avhereupon the excretion of copper A'Hth that diet Avas 
deterrnined for six days. After that they recieved three intrave- 
nous injections of ebesal Avhile the copper excretion via bile, urine 
and faeces in that period and at least six days folloAvingAA'-as checked 
over again. The diet in this case also remained the same throughout 
the entire experiment. 


Notes on test subject D. 

During the control period the average excretion of copper per 
day amounted to 22y Avith the urine, and Avith the faeces 2.33 mg- 
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Fig. 7. ExcreUoii of copper in the hile.f.ncccs nnd urine before and after inlra- 
venous adminislmlion of copper (ebesai). Test Subject D. 


In the bile there was once 205 yarn! once 182 y % found. In tlic 
second period, ^Yhen tlic copper was injeclcd intravenously, the. 
copper excretion in the faeces only increased a little, in the urine 
a slight rise was found and in the bile soon after the ebesai injec- 
tion a noticeable rise in the copper content appeared. This was 
probably of a temporary’' nature: at the outset of the third period a 
level was noted which was only a little above the initial level; a 
week after the last injection of copper the copper content of the 
bile appeared to have risen considerably. Onlj'" the average copper 
content of the urine in the tliird period was determined and it did 
not appear to have risen compared to the control period. The cxcrc- 
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Fig. 8. Kxcrctioji of copper in tlic bile, ^.^^cc■s .inti urine before nnti after intra- 
venous administration of copper (ebcsal). Test Subject E. 


tion of copper with the stools had now indeed risen sharply; in the 
third period and in the three days following it was about twice as 
liigh as in the control period. There was thus a few days after the 
intravenous administration an excretion of copper via the intesti- 
nal tract. 

Notes on test subject E (Figure 8). 

This test person had particularly regular stools wliicli enabled 
us with him to lake the average of a period of 3 days instead of 6 
days for the measuring of Ihc excretion of copper with the faeces. 
The copper content of the faeces during tlie control period was 
low (1.82 and 1.47 mg per day),the test person had a moderate diet. 
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Fig. 9. Copper content of the bile, collected by duodennl drninogc, before 
and after in tr.n venous adminislrntlcn of copper (ibcsal). 


Here a rise in Uic copper content of the faeces appeared iminc- 
diateiy after tlie intravenous administration of copper wJiilc the 
excretion of copper with the urine increased noticeably from the 
6th to the 12Ui day; after that the copper excretion with the stools 
continued to rise, wliilc the copper content of tlic urine sank below 
the initial level. From the 24th to the 26th day we investigated the 
copper excretion with the faeces over again. This had in fact 
sunk but it was still noticeably higher than the normal level of 
this test person. 

The excretion of copper with the bile was less regular than with 
the faeces, but showed in any case a noticeably rise after the ebcsal 
injections, this figure does not give the impression that the 
excretion of copper via the bile runs paralcl! with that in the .stools. 
This leads one to suppose that the copper which is eleminated from 
the body with the stools docs not come exclusively from the bile 
but is, at least in part, excreted via the intc.stinal wall, probably 
in the colon. As a matter of fact it seems plausible that a more or 
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COPPER COriTEMT DP THE BlLEfjC^) 

n « tn « 3 
^ o □ Q o D 



Fig. 10. Copper conlciil of Uie bile, collected by hepnliciis drninngc, before 
and after intravenous admini.slration of coj>i)er (ebes.nl). 
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Notes on test subject B. 

Table 5. contains the data on the second experiment person 
which confirm the results of the first test. Here the copper excre- 
tion during the control period was on an average per day 48 y in 
the urine and 2.10 mg in the faeces. Of the 114.56 mg of extra 
copper, which were given in the second period there were excreted 
in that time 83.07 mg in the faeces and 31.49 mg or 27.5 % were 
retained. The excretion of copper in the urine did not increase, 
was actually lower than in the control period. 

The excretion of copper with the bile immediately after the 
administration of copper had ceased, had still scarcely risen but 
it showed a marked increase later on- 

In the third period on an average of 1.72 mg of copper per day 
more were excreted in the faeces than in the control period. By 
mistake however just at the beginning of the third period the diet 
of the test person was increased. Analysis showed that he had 
recieved in this way 0.67 mg of copper per day more than in the 
control period. Even if we assume that all this copper was im- 
mediately excreted with the faeces there still remained 1.05 mg of 
copper per day in the stools which could not have come from the 
food in this period and which thus probably indicate an excretion of 
the copper sulphate, absorbed in the second period. 

The copper content of the urine also remained low in the third 
period; nothing can be observed of any excretion by this route of 
the absorbed copper. 

Notes on test subject C. 

As may be seen in Table 6 the results of the third test agree 
very well with those of the two previous ones. With this person in 
each period we only did a determination of the copper content of 
the total quantity of urine per period. On an average in the con- 
trol period 14 y of copper with the urine and 1.42 mg of copper 
with the faeces were excreted. This test person had a much stricter 
diet than A. and B. 

In the second period there were here also a total of 114.56 mg 
of extra copper given. There were 86.62 mg more copper excreted 
in the faeces than might be expected on the basis of the basal 



194 


A. U. VAN RAVESTEYN 


Summary. 

1. A micro method for the determination of copper in blood, 
bile, faeces and urine is discribed. 

2. If normal persons are given copper by mouth for 3 days in tlie 
form of 150 mg of copper sulphate per day, only 65 to 75 % of it 
is recovered in the faeces during the first 6 to 9 days. Probably at 
least 25 %ofitis absorbed into the body from the intestinal tract. 

That in any case copper is absorbed through the intestinal 
wall appears from the fact that a few days after the administration of 
copper the copper content of the bile rises to more than double 
the initial level. The normal copper content of the bile (j>A-bile!>, 
dravTi with a duodenal tube) amounts to 35 to 205 y %. 

We were not able to demonstrate a rise in the copper excre-. 
tion with the urine in our test persons. The normal copper content 
of the urine varies with them from 0 to 12.5 y %. 

Also after the point of time at which it may be assumed that 
the copper sulphate given has disappeared out of the intestinal 
tube, the quantity of copper in the faeces remains 1 to 2 mg per 
day larger than in the control period which proceeded the admi- 
nistration of copper. Thus probably the absorbed copper is gradu- 
ally eliminated from the body via the intestinal tract. 

Wlien copper is administered intravenously in the form of 100 
mg of ebesal (19 mg of copper), the copper content of the blood 
rises to from 3 to 4 times the initial level. Within 2 to 4 hours 
however the initial level has been reached again. In that time a 
temporary rise of the copper content of the bile appears. After 
a few days the copper content of the faeces rises and probably a 
rise in the copper content of the bile appears again. The excretion of 
copper via the bile and the faeces does not appear to run paralell, 
which makes us suppose that the copper found in the stools at 
least in part is excreted through the intestinal wmll. The excretion 
of copper with the faeces after three injections of a total of 33.25. 
mg of copper amounts in the beginning to 2.5 mg per day more 
than previously. It is thus probable that already w'ithin a few 
weeks by far the greatest part of the copper administered intra- 
venously, has been eliminated from the bodjf. 

In the copper content of the urine during the time in which 
copper injections are given a temporary rise appears. 
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Asthenia Crurum Paraesthetica (« Irritable legs «). 

A New Syndrome Consisting of Weakness, Sensation of Cold 
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Inirodudion. 

Tlie present communication deals with a disease, or rather a 
syndrome, which, as far as I can gather, has hot Ijecn described 
previously. When the syndrome is complete, it consists of the 
following symptoms: peculiar and characteristic paresthesia in 
the lower legs mostly during the night, weakness or clumsiness 
of the legs while walking, and a sensation of cold in the legs or feet. 
Tlie paresthesia w'as called »anxictas tibiarum» in the middle of the 
previous century but since then seems to have been completely 
forgotten. Objective signs are lacking. The disease is important 
from a practical point of view, for it is unpleasant and of long 
duration, and apparently rather common. It can he treated with 
success, at least in some cases. 

For better understanding of tlie disease, I shall also give a short 
description of acroparesthesia and mention a few facts about 
paresthesia in general. 
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less large part of the copper in the bile is again absorbed in the small 
intestine, as is probably the case with the iron from the bile (66). 

In Figure 7 and 8 it was seen that the copper content of the bile 
noticeably increases a few days after intravenous injection of 
copper. 

Moreover we investigated if there were also changes in the 
excretion of copper in the first hours after an ebesal injection. For 
this we chose two normal persons (1 and 2) and a patient suffering 
from rheumatoid arthritis. In the last case we performed the test 
twice at an interval of two months (3 and 4). As far as possible in 
these experiments we drew a fresh sample of the bile from the duo- 
denal tube every half hour. Tlie result is to be seen in Figure 9. 
In each test a noticeable rise in tbe copper content appeared which 
reached its maximum 'within two hours. 

Furthermore we examined the bile after an intravenous ebesal 
injection in a patient on whom a hepaticus drain had been applied 
after a cholecystectomy on account of cholelithiasis. With this 
woman also the copper content of the bile rose in the first 24 
hours after the injection of copper as may be seen in Figure 10; 
there the maximum was reached later than with the previous test 
persons. The noticeable increase of the copper content which we 
observed in test subjects D and E (Figure? and 8) a few days after 
the intravenous injections, was absent here. ^Vllether this should 
be attributed to the abnormal condition of the test person which 
we pointed out on page 184 we cannot say. 

We wish here to call attention once more to the great diffe- 
rence existing between the metabolism of copper and iron. After 
the administration of iron salts by mouth it is well known that the 
iron content of the serum as a rule rises noticeably (43); an equal 
dose of copper salt has no influence on the copper content of the 
blood. After administration of iron either by mouth or intrave- 
nously no rise in the iron content of the bile appears and only a 
slight excretion of iron via the intestinal wall (22, 26, 63); after a 
dose of copper the copper excretion via the bile and probably also 
via the intestinal wall rises noticeably. 


13 — Ada med. scandinav. Vol. CXVIll. 
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bled ^-hen ^v-alking up and dovm stairs. A fourth often had 
painful cramps in one thigh \vhile walking. Symptoms of this 
nature were lacking in two of the cases, Tlic patients themselves 
do not pay much attention to the weakness, and it is easily over- 
looked. Five of the patients complained of cold fed or kgs, but 
three lacked this symiptom. In one case the lower legs were numb 
in the morning. 

Ohjective examinaiion has not shown any constant pathologic 
signs, Tliere is no demonstrable weakness or ataxia in the legs. The 
reflexes and sensibility arc normal. The legs and feet arc not 
cold to touch or discolored, Tlie pulse in the dorsalis pedis artery 
is flood. Oscillomelric examination showed normal conditions in 
one case. Tlic blood pressure was elevated in some cases, but not 
all. One of the women had varicose veins in one leg. Tlic Wasser- 
mann reaction was negative in the five cases where it was studied. 
The spinal fluid was normal in one case. — Six patients were wo- 
men and two were men. 


Hislorical Bemew. 


I have not been able to find anything about the syndrome in 
the literature. The paresthesia, on the other hand, has been briefly 
mentioned a few limes. In Tlieodor Witlmaaek’s old monograph 
of. 1S61, sPathoIogie und Thcrapie der SensihiUlal-Neurosens (1) 
half a page is devoted to fanxictas tibiarum? which is interpreted 


as I'combined hj-iiere-slhesia of tlie sensible and motor ner\-es of 
the legsft. Wittmnack writes: »Ein eigenthiimliches Gefiihl is! die von 
den allcrcn Arzlcn so genanntc Anxklas tibiarum; ein sonder- 
barcr, aber fur die art des Zustandes doch bezeichnender Ausdruck; 
denn es ist wirklich so, als ware den zur Zeit damit Behaftelen cin 
Geisl der Unruhe und des Bewegung.szwanges in die Beine gefah- 
rcn. Jeden Augenblick bringen sie dicselhe in cine andere Lage 
In jenem wunderlichcn Bilde nerv'oser Neckcreien, welches die 
Hysteric liefert, findet man haufig auch diesen Zug der unfreiwilli- 
gQD Unruhe in Beincn und Fttssen angebrachl. Dieselbc komtnL 
indess auch andenveitig vor, ohne dass man cine bestimmte Ur- 
sache dafur aufzufindcn vennogle. Ein Freund von mir, krafliger 
Mann von v.erzig Jnhren, wird bisweilen in gelindem Grade davon 
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heimgesucht, tlieils gegen Abend, besonders aber im Belt bis zum 
Einscblafen. Er muss dann Fiissc und Untcrscbenkel jeden Augon- 
blick in eine andere Lage. bringen, was er ganz langsam vollzieht, 
walirend cr in den genannten Theilen cine nicht nabcr zu beschrei- 
bende Empfindung bat, ohne alien Scbmerz, olme Ziehen, am mois- 
ten noch einem GeAVundenwerden gleichend. Der Zustand halt 
ungefar % Stunde an.)) (»A peculiar sensation is the one earlier 
physicians called anxieias iibiarum — a singular but an appro- 
priate name, for it is really as though a restless spirit had flowm into 
the legs of the patients. Tliey change the position of their legs every 
moment . . . This feature of immluntary unrest in the legs and feet 
is often seen in the strange conditions brought on by hysteria. But 
the same unrest is also encountered in other cases, where no de- 
finite cause can be found. A friend of mine, a powerful 41-year- 
old man, suffers mildly from the sensation, occasionally in the 
evening, but mostly in bed before he goes to sleep. He is forced con- 
tinually to change the position of his feet and lower legs. He 
moves them slowly, and in the meantime he has a non-painful sen- 
sation in them which he cannot describe exactly . . . Ihe condi- 
tion persists for about a quarter of an hour.)>) 

In Bing’s )>Lehrbuch der Nervenkrankheiten» of 1913 (2), anxie- 
tas tibiarum is briefly mentioned among the kinds of paraesthesia 
occurring in neurasthenia. »Als Knochenpariisthesie ist der soge- 
nannten, 'Anxietas tibiarum’ zu gedenken, eines dumpfen, schwer 
definierbaren Gefuhles in den Unterschenkelkhochen, als dessen 
auch beim Gesunden vorkommendc Parallele die bekannte Sen- 
sation bezeichnet Werden kann, fiir die der Ausdruck gebrauchlicli 
ist: ’der Schreck ist mir in die Bcine gefahren’, die aber vom Neu- 
rastheniker kontinuierlich empfunden werden kann.» ()>A form of 
bone paresthesia Avhich can be mentioned is the so-called anxietas 
tibiarum, a dull feeling, difficult to define, in the shin bones. A 
corresponding feeling, experienced by healthy persons as Avell, is the 
one described as ’my legs became panic-stricken’, and which the 
neurasthenic person may feel continually.))). Bing said that the 
neurasthenic paresthesiae, like the headaches and sleeplessness, 
are often exaggerated by the patients. These two quotations are 
all I can find in the literature about anxietas tibiarum. The term 
is still retained in a feAV medical dictionaries, but the condition 
seems to have been entirely forgotten. 
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I liave kept to the old, colorful nnrae »anxietaS tibiarumo in 
tlie present paper. For the complete syndrome (anxictaS tibiarum 
+ -weakness and sometimes a sensation of cold in the legs) I should 
like to suggest the name aslhenia mmim paraesthetica or »irrilable 
Jegso, Further experience is needed before it can be decided to 
what degree the different components of tlie syndrome may appear 
independently of one another. 


Comparison Between Asthenia Crunwi Paraesthetica and Acro- 
paresthesia. 

Is there any disease -which is characterized by inlcrmiUenl, 
mainly nocturnal paresthesia and weakness and clumsiness? Yes, 
there is at least one, namely acroparesthesia (the syndrome of 
Notlmagcl and Schultze). ^Ye shall now compare acroparesthesia 
with asthenia crurum paraesthetica. First, however, I must give 
a short description of acroparesthesia, as this common disease is 
surprisingly little known, and since the word acroparesthesia is 
occasionally used misleadingly to cover different sorts of parcsliic- 
sia in the peripheral parts of the body. 

Acroparesthesia occurs most often in middle-aged women. The 
symptoms consist of attacks of numbness, prickling and formica- 
tion in the fingers or the whole hand.s, sometimes the whole .arms, 
but seldom in the toes and feet, llic minrbncss which is occasion- 
ally attended b}' pain, develops mainly at night, especially in the 
early morning, Ihc patients usually rub their hands, wave them 
about and move their fingers, whereupon the sensation generally 
disappears in a few minutes. It may be entirely absent during 
tlie day, but it is apt to appear on certain movements, e.g., wring- 
ing out a cloth, holding a telephone receiver, writing, sewing and, 
paradoxically, during rest. »I am not able to keep my hands stilb, 
said one patient. 

My observation has been (hat (he numbness is specially apt (o appear 
when (lie fingers are Iiolding something firmly (sialic work '). When (lie 
patient is sewing, for example, it is not infrequently Iho lliunib and fore- 
finger holding the noodle -which Ijoconie affected. Wien the hands and 
fingers are kept moving (dynamic -kVork'), lliey retain (heir normal sonsa- 
tions. The n umbness is always increased by exertion, but it does not 

' By Uns expresBion I refer only to (lie work of (lie fingers and band. 
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appear until the time of rest after the work or often not until the night 
A period of rest nearlj' always leads to improvement. Thus, roughly 
speaking, the numbness develops during static w'ork and after dj-namic 
work. 

The fingers may grow w'hite w'hen they become numb, at night as well 
(Nothnagel’s type of acroparesthesia as distinguished from Schultzets 
Which has no visible vasomotor signs), but this happens rarely and, to 
my mind, the phenomenon should not be confused With blanching of the 
fingers during the day from cold. In latter case, a combination of two 
(related ?) syndromes is present — Schultze’s acroparesthesia and Ray- 
naud’s diseased 

Tlie fact is often disregarded that acroparesthesia is often attend- 
ed by weakness and clumsiness of the hands, which seem to be inde- 
pendent, in part at least, of the numbness. The patients complain 
that they drop things they are holding. )>I have become lefthanded», 
said one of my patients. Examination reveals no objective signs 
apart from reduced dynamometer values. (In Raynaud’s disease, 
the values are normal). 

By acroparesthesia I mean exclusively the characteristic syn- 
drome just described, not the peripheral paresthesia which is 
experienced in different nervous diseases, e.g. polyneuritis and sul)a- 
cute combined degeneration of the spinal cord. 

If w’e now compare the Rvo syndromes, asthenia crurum para- 
esthetica and acroparesthesia, we find both likenesses and diffe- 
rences. Both diseases are marked by paresthesia occurring mostly 
at night and alleviated by movement and (though not always?) 
by a peculiar weakness and clumsiness in the affected members. 
The course may be long drawn out in both instances. The treat- 
ment is partly the same for both, but I shall return to this matter 
later. 

But there are also differences. The acroparesthesia always 
appears on the periphery. It may, it is true, be situated in the whole 
forearm or even the whole arm, but in such a case the hand and 
fingers, too, are always benumbed; the sensation never jumps over 
the peripheral regions. Anxietas tibiarum is seated in the lower 
legs, leaving the feet free. Acroparesthesia always comes on late 
at night, anxietas tibiarum generally in the early night. Another 
difference lies in the quality of the sensations. Acroparesthesia is 

' I have seen this combination also in a case of pneumatic hammer disease, 
a fact of theoretical interest. 
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€asy to describe; it is a qwestion of numbness, tingling, a feeling as 
though ants were crawling on the skin, stiffness; )>it feels like 
when a leg has gone to sleeps. The symptoms of anxietas tibiarum, 
on the other hand, appear to be of a more uncommon and peculiar 
nature, not easy to put in words, obviously because ibey cannot be 
compared with any generally known sensation. Ibis something craw- 
ling, irritating, unpleasant, deep in the tissues or »inside the bono). 
Some patients cannot say clearly whether the sensation is painful 
or not. I can only remember having heard of the same sort of sen- 
.sation in some cases of posttraumatic pain (»troublcs nerveux. 
d’ordre reflexes). 

A- 53-year-old woman complained that after spraining her Wrist she 
had an irritating, sizzling, creeping, pulsating feeling in her Whole arm, 

if the blood seethed and pushed and swept alongo. It is no real pain 
but, like causalgia, it is allewated by the tapping on of Water, A 37-year- 
old man reported that, after extraction of a molar tooth in the lower jaw 
(when the tooth broke and the root Was chiselled aWay several months 
later), »pain» developed at the angle of the jaW. The s>pain» gradually spread 
to the left side of the head, to the throat, arm and thorax, all on the left 
side. It Was not real pain but an indescribable, unpleasant feeling Mnside 
the bonei). It sometimes disappeared. It Was worst at night and Was 
aggravated by Warmth. It made him nervous. These two cases Wore 
reported in a proAious paper (3). 

Tlic s}miploms of these two patients display a striking likeness to 
anxietas tibiarum. To my mind, it i.s a question of a special kind 
of deep paresthesia, which has hitherto been given little attention. 

Despite the existence of certain likenesses, one cannot put 
asthenia crurum paraesthetica and acroparesthesia together, in my 
opinion, for they are (wo different, well delimited and characteristic 
syndromes. 

In this connection, I should like to mention a iliird syndrome 
which is also important from a practical point of view hut which 
is little known. It resembles the two other syndromes but cannot 
he identified with either ot them. I refer to the nocturnal burning 
pain in the feet experienced mainly by elderly persons. The feet 
feel as though they were on fire, especially the soles. The pain 
comes on, as in the case of anxietas tibiarum, a short while after 
rctiral for the night and disappears as the night lengthens. The 
patients he and move their feel, hold them outside tlic bedclothes or 
get up and walk, which helps. The foot do not get warm to touch 
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or red, as in erythromelalgia. In the daytime the feet are generally 
cold. The arteries of the lower legs may show calcium shadovfs in 
roentgenograms, but the pulse in the dorsalis pedis artery is pre^ 
Served. The syndrome is called mcromclalgie nocturne)) or »causal~ 
gie nocturne spontanee des vieillards» by Tinel (4), and pseudo- 
erythromelalgia by Craig and Horton (5). There is no generally 
accepted term. 


Therapy. 

In five of my cases a rapid and striking improvement was ob- 
tained with Priscol »Ciba» (benzylimidazoline hydrochloride) in a 
dosage of one tablet of 0.025 g by mouth three times a day. The 
nocturnal paresthesia and sensation of cold in the legs decreased 
considerably. In three cases there was no improvement. In one 
of them. Injections of acetylcholine took away the nocturnal craw- 
ling sensation for a time, but not the cold and weakness in the legs 
during the day. Later Doryl (carbaminoyl-choline chloride) per os 
4 tablets a day, greatly relieved all the symptoms in this case. 

■ Most of the patients had consulted several physicians and had 
been given different medicines, generally narcotics and antineural- 
gic drugs, to no avail. My series is a small one, but Priscol had such 
a striking effect in some of the cases that I have no doubt that it 
was the cause of the improvement. Case 2 is particularly convin- 
cing. The patient’s symptoms had persisted for twenty years and 
she had consulted , several physicians. At first I prescribed fairly 
powerful evening doses of bromine and phenobarbital, but it did not 
help. After having taken only Priscol for two weeks, however, 
she came back radiating with happiness and 'said, »Oh, thank you, 
doctor, it is the first medicine which has helped me». It cannot 
have been due to suggestion on my part, for the first medicine I 
prescribed had no effect, and I did not praise Priscol particularly. 

As I have shown previously, acetylcholine is effective in acro- 
paresthesia, and Priscol and Doryd also to a certain degree (6, 7, 8). 
Thus the same drugs seem to be effective both in acroparesthesia 
and asthenia crurum paraesthetica. 

Many authors Write that acetylcholine is so rapidly decomposed that it is 
useless except when injected in the arteries. This is rvrong, for the results 
are so good in many cases of acroparesthesia, that it must be considered 
to have an effect, whether or not it can now be explained theoretically. 
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Description of the Disease (based on 8 cases). 

' Tlie paresthesia is felt in the lower legs (not the feet). It is never 
experienced superficially in the skin, hut deep down in the calf 
or sometimes the shin. The patient has difficulty in finding the 
right words to describe it. It is a crawling sensation, irritating and 
enervating. As a rule it is not a question of real pain. »It is some- 
thing nervous)); )>it makes one nervousv). Because of the expres- 
sion Danxietas tibiarum)) I have asked the patients whether it is 
experienced as a kind of anxiety, but they all said no. But all agreed 
that it was something very unpleasant. »It is worse than an ordinarj' 
illness)), said one woman (case 1) who had nevertheless nearly 
died both from pulmonary embolism and severe hepatitis. »I hardly 
dare go to bed)), said another woman. Tlie paresthesia is mostly felt 
during the night, generally within an hour after retiral (in one 
case not until the early morning, however). The sensations dis- 
appear or lessen when the legs are moved about, but they soon 
return. The patients cannot sleep, but are forced to lie and move 
their legs and continually change their position, to sit on the edge of 
the bed and kick, or to walk about on the floor, ))It is quite im- 
possible to stay in bed.)) The paresthesia may keep on the whole 
night, according to the patients at least, but they often disappear 
in the early morning. Tliey not only prevent the patients from 
going to sleep, but they can also wake them if they manage to 
drop off. TSvo of my patients used to pass the night reading or 
with needlework. The morbid sensations occur night after niglit 
for years, sometimes for decades, and it is no wonder that the 
patients grow heartily tired of their affliction. During the day, the 
parcsthesiae are either entirely absent or are of mild degree, coming 
on when the legs are kept still, especially in the evenings, e.g. at 
the theatre or cinema, or if the patients take a nap to try to make 
up for their lost night sleep. Milder cases also exist where the 
paresthesia is intermittent and of shorter duration (15 minutes to 
two hours). 

The weakness is characterized by a heaA'y feeling in the legs, 
especially after a long walk; they feel weak and tired and as if they 
were going to give way'. One patient could only' walk a short way for 
this reason. Another said that her legs had given way' and caused 
her to fall hundreds of limes. A third said that she sometimes stum- 
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Spinal cord and the numbness developing on pressure on a nerve 
for example in the region of distribution of the ulnar nerve if, when 
the elbOAV is flexed, the medial cpicondyle is rested on a hard sur- 
face. The other main type of paresthesia is discontinuous, fre- 
quently occurring at certain hours or in certain situations, and is 
often alleviated by rubbing or movement. An example of this type, 
which We may hypothetically call »angiogenic)>, is acroparesthesia. 
It is to this group that anxictas tibiarum belongs. 

Tlie parestliesia associated with »migrainc accompagnec» is inter-- 
mediate between these two types. It is neurogenic (ccreljral) hut 
its cause is a functional, periodic disorder in the brain. 

»Angiogcnic» paresthesia may also occur in organic nervous 
diseases. As a matter of fact, it is a fairly frequent accompani- 
ment of these conditions. This is not surprising, in view of the 
frequency of vasomotor disorders in organic nervous diseases. As 
examples, I may mention the cold and cyanosis in the involved 
limbs after cerebral hemorrhage and infantile paralysis. In some 
forms of organic ner\mus disease the patient may suffer from botli' 
forms of paresthesia. Hitherto, however, I have not seen a case 
where anxictas tibiarum was based on an organic ncrvmus disease. 

It is of great practical importance to differentiate between the 
two types, both from a diagnostic and a therapeutic standpoint. 
»Angiogcnic» parcsthesiac are common and usually of no serious 
import but may, if they arc poorly analyzed, lead to a false diag- 
nosis of severe organic nervous disease. Not infrequently they can 
be successfully treated (acetylcholine, Priscol, novocain blocking, 
surgical operations on the sympathetic nerv-ous system). Tlic clas- 
sification is empirical and remains valid even if the hypothesis 
that the discontinuous parcsthesiac are due to a functional vascular 
disorder proves to be false. The question of the manner of develop- 
ment of the oangiogenic# parcsthesiac will not be gone into in the 
present paper. 


Case reports. 

Case 1 (private patient). — An unmarried woman, 55 yeans old, com- 
plained that for twenty years she had suffered from unpleasant sensa- 
tions in her lower legs (not feet) at night. It is an irritating feeling, craw- 
ling and annoying, but not a real pain, and nor does it feel like When a leg 
goes to sleep. It is an extremely vexatious sensation and prevents her from 
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Pathogenesis. 

It is probable that the symptoms of asthenia crurum paraestlie- 
tica are produced by a peripheral, functional disorder in circula- 
tion. This opinion is supported by the following facts: 1. The 
symptoms are sometimes favorably influenced by the vasodilative 
agents Priscol, acetylcholine and Doryl. 2. Five patients out of 
eight complained of a sensation of cold in their lower legs or feet. 
3. In two cases it appears as though the disease developed after or 
was aggravated by exposure to cold. 4. It resembles acroparesthe- 
sia and )>acromelalgie nocturne)), which are considered to be due to 
vascular disorders. 5. An intelligent woman, who had also Raynauds 
disease, told me spontaneously that she had the same feeling in 
her legs, when she recovered from an attach of anxietas tibiarum 
as in her fingers when fithe- blood returned)) after an attack of 
blanching. 

As regards the weakness in the legs,- it is not impossible that it 
is of the same nature as the weakness in the hands in acroparesthe- 
sia (and otroubles nerv^eux d’ordre reflexe#). It seems to be a par- 
ticular kind of muscular weakness, of whose nature nothing seems 
to be known, but whose existence can hardly be denied. ■ , 

Anxietas tibiarum. does not resemble the paresthesia associated 
with organic diseases but is reminiscent of the paresthesia which 
occurs in, what may be presumed to be, vasomotor disorders. In 
order to explain this, I must insert a few lines regarding the two 
main tj'pes of paresthesia. 


Two Tgpes of Paresthesia^ 

A basic rule (which I have never seen mentioned elsewhere) 
when confronted with a patient with paresthesia is to find out 
whether it is felt continually or intermittently. . ))Neurogenic)) 
paresthesia is generally continual, examples being the paresthesia 
in polyneuritis, radiculitis, subacute combined degeneration of the 
spinal cord and multiple sclerosis. An exception from this rule is 
the paresthesia which is excited by mechanical forces, such as the 
Lhermitte paresthesia (a feeling of an electric shock through the 
trunk and limbs wlien the patient flexes his head forward) occurring 
after lesions to the posterior columns of the cervical part of the 
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sleeping. To alleviate it she has to keep mo\'ing her legs. She generally 
sits on the edge of her bed and kicks, often passing the time with knitting. 
Or else she paces up and down in the room. The symptoms come on a 
short While, ten to thirty minutes, after she goes to bed. During the last 
year they have come on every night, and sometimes persist the whole night, 
so that she never gets a Wink of sleep. Generally they keep up to about 
five o’clock; occasionally they stop between one and two. Sometimes 
they wake her. The symptoms have grown worse during the last year and 
have become particularly severe during the last few months, after hospi- 
talization for severe hepatitis, for which she received injections of insulin, 
among other treatments.' Now they occur almost exclusively at night, 
but during the first few years they often appeared during the day as Well, 
mostly during the evenings it she sal still, at the theatre tor example. Her 
legs often feel weak and give Way under her, and she has fallen down diund- 
redsD of times during the'course of the years. Her legs never feel cold. 

She has consulted several physicians. Massage and short-wave therapy 
were of no help. Fairly large doses of sedatives in the evening only gave a 
few hours’ sleep. She has- had high blood pressure for several years but no 
other disease of interest. 

Examination revealed a blood pressure of 215 systolic and 110 diasto- 
lic and fairly coarse Varicose Veins oh the left thigh, but nothing else of inte- 
rest. The feet and the lower legs Were not cold to touch or discolored. A 
powerful pulse Was palpated in the dorsalis pedis artery on both sides. The 
reflexes, sensibility and strength in the legs were normal. The patient' 
looked healthy and appeared sensible and calm bn the Whole, but she 
complained bitterly of her disease. She Was treated With Priscol, acetyl- , 
choline and Gynergen, but Without successj T\Vo Dolantin tablets in the 
evening have a fairly good, though only temporary effect. 

Case 2 (Record no. of the out-patient department 1363/43). — An 
unmarried Woman, 67 years of age, formerly a cook, complained of a cree- 
ping sensation in her lower legs almost every night for twenty years. It Was 
not a pain, she said, but something ))restless», »unpleasant», difficult to 
describe, situated deep down in the call, sometimes of one leg and some- 
times of the other. The sensation lessened when she kicked with her legs. 
At the same time (?) she experienced spots of pain in her feet. The mraw- 
ling& generally began half an hour after she went to bed and sometimes 
kept up the whole night. Sometimes it Woke her after she had fallen a- 
sleep. She usually lay and read or did needlework, or walked about. Occa- 
sionally the scrawling* appeared. when she sat in the evenings. Her feet 
always felt cold and she generally had a hot Water bottle in her bed. She 
stumbled easily, especially on staircases. She was also troubled by dizzi- 
ness, shortness of breath and palpitation of the heart. She had consulted 
several physicians but had never received any help. A sister of hers suffered 
from nocturnal burning foot pain. Examination revealed a blood pressure 
of 180 systolic and 100 diastolic, but nothing else of interest. 
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and consists of an irritating, very unpleasant feeling, difficult to 
describe. To alleviate the sensation, the patients have to naove their 
legs about again and again. Tiie phenomenon was known in the 
nineteenth century under the name sanxietas tibiarum#, but now 
seems to have been forgotten. 

3. In the daytime the legs feel weak, or tire easily and tend to 
give way (6 cases out of 8). 

4. Tlie feet or the legs often feel cold (5 cases). 

5. No objective signs have been denaonstrated. 

. 6, The disease can persist for decades. 

7. It most closely resembles acroparesthesia (Nothnagel’s 
and Schultze’s syndrome), but the two are not identical. 

8. It is possible tliat the condition is due to a functional vascular 
disorder. In some cases the disease was apparently caused by 
exposure to cold. 

9. In 5 cases out of 8 good results were obtained with ben- 
zjdimidazoline (Priscol) per os. 

10. Tlierc arc two nxain types of paresthesia, which niust be 
carefully distinguished frona one another, the continuous and the 
discontinuous (»neurogenic)> and »angiogcnici>). Anxietas tibiarum 
belongs to the latter sort. 
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Nitrous Gas Poisoning among Welders using 
Acetylene Flame. 

A study of sixteen cases including four deaths. 
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Introduction. 

Acetylene gas is being used in industry on an ever-increasing 
scale. The metal industry, in particular, is applying it for the purpose 
of heating metals to high temperatures. This process is necessary 
in the welding and cutting of metals by means of a gas flame, as 
well as in the heating of large metal surfaces. Work AVith welding 
flames has thus become indispensable at shipbuilding yards and in 
mechanical workshops. 

poisoning resulting from this type of work has already been 
described, but considering the widespread application of these 
processes the number of cases reported is small. Thus Schiotz (1), 
in 1940, collected 53 cases from the literature, to which he added 
3 of his own. Since then, a few more cases have been published 
(see Lindqvist, 2; Schiotz, 3), bringing the total number of cases 
mentioned in the literature up to about 75. 

As a result of the investigations of recent years the explana- 
tion of these cases of poisoning has been largely cleared up, and 
light has been thrown on the hygienization problems. Experience 
has shown, however, that many employers have failed to make 
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themselves acquainted with the results of recent research, and that 
they are unaware of the causes underlying the accidents that some- 
times occur, Tlie patients come to the Imspitals for treatment, 
therefore, without being able to supply any, information as to the 
background of their complaint and the physicians must attempt 
to diagnose the form of poisoning which may be in question Avholly 
on the basis of the syndrome presented. Unfortunately, the lite- 
rature contains fcAV references to tlie syndrome concerned in this 
species of poisoning. Tlie cases available in which the clinical 
aspects are treated in any detail arc so feW that it is difficult to 
form a satisfactory idea concerning the often very varying symp- 
toms. Using the observations obtained from a scries of sixteen 
patients, ^ and taking into consideration, also, the cases reported in 
the literature, the present author therefore offers a review of the 
mode of origin of the complaint under discussion, and a description 
of the clinical signs and symptoms and the roenlgcnographic fin- 
dings, .Tlie patho-anatomic aspect also receives attention. 

Case Reports." 

Case 1. Oul-Palicnl No. 201/1010. P. 0., born 1910. On Fob. 14, 
1940, he engaged in dioaUng rivels»; in other words, lie was burning 
out rivets by means of an acetylene welding flame. The work was being 
done in a confined space in a sliip. After working for a short period he 
developed a headache and a cough and began to fool ill. Tiie next day 
his cough was worse, and he Jiad a burning sensation beliiud (ho .sternum 
and felt faint. As this discomfort was still presen I on the third dayhowent 
to the Sah/gren Hospital on the evening of Feb. 10. His throat was then 
badly inflamed. A physical examination of the lungs and the heart revealed 
nothing abnormal. His temperature was normal. Tlie routine examina- 
tion yielded nothing else of interest. 

Owng to my lack of knowledge regarding the sjmdrome in this form 
of poisoning, f had no reason to suspect any connection liolwoon the pati- 
ent s illness and his work with acetylene gas, and I therefore interpreted 
the case as one of benign infection of the respiratory tract. After a couple 
of days in bed at home ho reported that he iiad completely recovered. 

Case 2. Journal No. 1947/19.11. H. K., born 1901. On Sept. 30, 1941, 
he was burning out rivets down in a confined space in a ship. In order to’ 
reach the place of work he had to pass tlirough a 7 metre long passage pro- 
vided with fo ur mauholes. No speci.'il measures had been taken to ensure 

’ Since this paper was written seven more cases have been encountered. 

- Cases 1-— 10 have already been published in Swedish (2). 
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ventilation. Another workman who had been engaged on the same job just 
before him had had to leave the place because he felt ill. \^Tien he began 
to work he noticed a pungent smell, but after that he experienced no dis- 
comfort during the hour in which the work was in progress. When he ivent 
on deck he felt ill. Some hours later he began to cough and got a headache 
In the evening he felt a tingling sensation in the chest and in the night 
he coughed up a large quantity of thin, pinkish sputum. 

On admission to the hospital on tlie morning of Oct. 1, 194i, his gene- 
ral condition was badly affected. He had a severe cough, and was very 
short of breath and deeply cyanotic. Temperature, 37.9° C. His throat 
yvas red and inflained. Slight dullness and numerous crepitant rdles were 
to be heard over the base of the left lung. Dry rales were also auscultated 
all over the pulmonary fields. Physical examination of the heart yielded 
nothing remarkable. The electrocardiogram was normal. Blood count: 
Hemoglobin, 114 (by the Autenrieth method); red blood cells, 5.4 million; 
whites, 9,000, The differential blood count showed a moderate deviation 
to the left. Sedimentation rate, 7 mm in 1 hour. 

Roentgenograms taken immediately after his admission showed, in 
both lungs, wide-spread, mostly confluent, areas of increased density in 
the parenchyma; these were situated in all the lobes but were most pro- 
nounced in the middle zone. At the apex of the left lung there was an old 
tuberculosis lesion (fig. 1). 

His general condition improved rapidly after cardiac stimulation and 
the administration of palliatives for the cough. For several days, however, 
he had severe dyspnea. His temperature, which had been around 38° C 
on the first day, dropped slowly, and at the end of three days he was 
afebrile. For a week aRer the accident he had a persistent headache. 

An electrocardiogram taken on Oct. 3 showed normal tracings. 

On' roentgenograms taken on Oct. 3, only small patches of shadow 
were visualized, and on Oct. 4 there only remained a pleural mantle and 
scattered areas of calcification over the apex of the left lung; all signs of 
the acute condition had disappeared. 

On Oct. 10 he was sufficiently recovered to get up, but he was very 
weak. He was discharged on Oct. 14, and was able to return to work on 
Oct. 20, three weeks after the accident. 

Cases. Journal No. 1646/1942. S. L., born 1910. A welder. On Aug. 
14, 1942, at 7 p.m., he began burning out rivets in the forepeak of a boat. 
According to subsequent calculations, the volume of the room was 70 
cubic metres. There was a manhole in the ceiling which was open the 
whole time. Compressed air Avas conveyed to the room at intervals. Other 
workmen had been burning out rivets in the same room since 4 p.m., but 
the work had been interrupted for short intervals. After working for a 
short time he began to suffer from irritation of the throat and nausea, and 
had to go on deck occasionally to get some fresh air. 'When on deck he 
vomited several times. He had not noticed sny foreign smell. His cough 
became gradually worse. 'Wlien the yvork was finished, at 12.30 a.m. on 
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Auff. 15 lie leit extremely ill, had a bad cough, and was short of hreath, 
and he could not keep his balance. Giving to the absence of night traffic 
he -was unable to get home at once, and spent the night on a bench m the 
changing room at the workshop, vdthout being able to sleep and troubled 
the whole time by his cough and shortness of breath. Next morning he was 
able to go home on his oiwi, but his wife took him at once to the hospital, 

to which he was admitted at 9 o’clock on Aug. 15. 

On his arrival he was extremely dyspneic and deeply cyanotic, and 
breathed ivith a rattling sound. Temperature, 37.8“ C. He had a severe 
headache and his throat ivas moderately congested. No dullness in the 
lungs. Crepitant rdles were to be heard over the base of both lungs, and at 
the right base there were also a feiv friction sounds. Nothing of interest 
'was noted from the other organs at the clinical examination. 

An electrocardiogram taken on Aug. 15 showed regular heart rhythm. 

— V conduction time, 0.14 sec. QRS complexes and S — T intervals nor- 
mal. Ti _3 positive. 

On roentgenograms taken immediately after his admission there %vere 
.visualized cloudy, partly confluent areas of increased density, of a miliary 
appearance, in both pulmonary fields, but most pronounced on the right 
side (fig. 2). The lesions were most numerous in the middle zone of the 
lungs, the apices and bases being of normal appearance. Blood count on 
Aug. 16: Hemoglobin, 98; red blood cells, 4.9 million; whiles, 18,000. The 
differential blood count showed a moderate deviation to the left. Sedi- 
mentation rate on Aug. 17, 28 mm. 

The patient’s condition gradually deteriorated. On the evening of 
Aug. 16 his temperature ^s'as 39.7° C. The cyanosis and the cough had 
become accentuated. On Aug. 17 his pulse began to show occasional irre- 
gularity. 

On an electrocardiogram taken on this dale the A — -V lime atos O.lO 
sec., the QRS complexes normal, and the S-T intervals somewhat depressed 
in leads 2 and 3. Ti _3 positive. On the morning of Aug. 18 lie coughed 
up sputum indicating the presence of edema in the lungs, and this condi- 
tion grew gradually more acute, despite such measures as venesection, 
injections of hypertonic glucose solutions and poAverful cardiac stimulation. 
He died at 12.45 p.m.'on Aug. 18. 

Autopsy (by Dr. C. 0. Forssclius); Death stains of normal appear- 
ance. Blood blackish-red and greatly coagulated. Heart of normal shape 
and size. Heart muscle somcAAdiat dry, but its colour wws fairly normal. 

Lungs distende^d. The surface of a cut section shoAved uncAmnnoss, Avith 
lighter, someAvhaf elevated patches ranging in size from that of a pea 
to a hazel-nut, and surrounded by darker, more sunken streaks. On pres- 
sure, the entire tissue exuded quantities of frothy fluid. In the larjTix and 
the upper part of the trachea there Avere no lesions, but in the loAver part of 
the trachea and in the main bronchial branches tlie mucous membrane Avas 
inflamed and displayed petechial hemorrhages. Under tJie microscope 
the entire lung displayed a maximum degree of hyperemia. In the bronchi 
and the bronchioles there atos a purulent process accompanied with epi- 
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Ihelial desquamation wliich had advanced to such a stage that in most 
places the entire lumen was filled Avith a mass of cells. A high degree oj 
hemorrhagic edema Avas present in the parenchyma of the respiratory 
organs. Over the greater part of the section almost all the al\moli were 
blocked by this edema, Avhich Avas combined only to a small extent with 
epithelium and lymphocytes. The feAv alveoli that were free Avere greatly 
distended, and in some the Avails Avere damaged. In many places there svere 
groups of alveoli in Avhich the edema was accompanied Avith desqua- 
matory epithelium and a few leukocytes. In these groups, many of the 
alveoli Avere completely choked AA'ith these cells. The sloughed epithelium 
was surprisingly Avell-preserved, and showed no signs of a decreased stain- 
ing capacity. In many places some epithelial cells took the form of giant 
cells Avith 2, 3, 4, or 5 nuclei {fig. 3). Mitotic forms AA’ere rare. 

The intracranial pressure was much increased. The subarachnoidal 
fluid Avas clear. The leptomeninges Avere hyperemic. 

The brain Avas sent for special examination to Dr. N. Gellerstedt, ol 
the UniA’ersity Pathological Institute, Uppsala, and the folloAving report 
was received. The Avhite matter ol the cerebrum Avas riddled practically 
throughout Avith petechial hemorrhages, the corpus callosmn, the Avhile 
central core ol the gyri on the dorsal aspect of the fronto-parietal region, 
and the middle part of the white matter in the temporal lobes being most 
affected. The hemorrhages Avere present all through the capsula interna 
and doAvn into the pedAmcIes, but they became fcAver and smaller through 
the brain stem. There Avere no hemorrhages in the cortex, incJusiA'e of the 
arcuate fibres and the cornu ammonis, or in the greater part of the re- 
mainder ol the gray matter and the cerebellum, A\ith the exception of a few 
small patches in the vicinity of the Avhite core of the nucleus dentatus. 
Histologic examination reAmaled hemorrhages of'various ages, some quite 
fresh, others slioAving signs of perivascular, glial proliferation, or »ring» 
hemorrhages. The process AAms thus not agonal. In many' of the old 
hemorrhages the central vessel displayed a certain amount of necrosis. 
The proliferating glia showed signs of fatty infiltration. The endothelium 
in the capillaries and finer vessels aa^s also noticeably sAvollen. The 
ganglion cells in the brain Avere little changed. Possibly, considering 
the age of the patient, they contained an undue amount of lipochrome 
pigment. The Avails of the finer vessels Avere also rich in lipoids. 

There Avere no features of interest in the other organs. 

An examination of cadaver parts for medicolegal purposes (by Pro- 
fessor Wolff) yielded no evidence of phosphorus or arsenic in toxic quan- 
tities. 

Case 4. Journal No. 1654/1942. K. P., born 1895. A rivetter’s assis- 
tant. He began to Avork at the same time and in the same room as the 
preceding patient. He was engaged in rivetting while the others were 
burning out rivets. From 7 p.m. to 11 p.m. he experienced no discomfort, 
but toAvards 11 o’clock he began to feel 311 and had to go on deck several 
times in order to vomit. He had not noticed any pungent smell. 
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the job was finished, at 12.30 a.m., he felt too ill to go on working. He 
rested for a couple of hours and then went back to work m the open air un- 
til 6 a.in. Soon after this he began to get a cough and felt very faint. On 
the following days he felt weak, coughed a lot, and had a bad headache. 
These symptoms were sufficiently severe to cause him to stay in bed part 
of the time. On Aug. 17 he had a morning temperature of 38.4“ G, and 
he ivas sent to the hospital by liis employers. He \vas then in an exhausted 
condition, became noticeably breathless on the least exertion, and was 
blue about the lips. He had a troublesome cough but no sputum. His throat 
was not inflamed. At the physical examination of the lungs there Avere 
numerous dry rales basally on the right side, but no other signs of abnor- 
mality. No pathologic signs from the other organs. 

Blood count: Hemoglobin, 89; red blood cells, 4.5 million; whiles, 
10,000, with a slight deviation to the left. Sedimentation rate on Aug. 
18, 12 mm. 

On the roentgenograms taken immediately after his admission there 
was scattered dark mottling of irregular outline over the greater part of 
both pulmonary fields, but concentrated chiefly in the middle zones 
(fig. 4). 

The QRS complexes showed signs of notching, on an electrocardio- 
gram taken on Aug. 18, but there was nothing definitely abnormal about 
the tracings. 

During the first week he was subfebrile, and after that afebrile. His 
cough soon disappeared but for a long time he had little strength. It was 
not until Sept. 8 that he was able to get up. 

The lesions visualized on the roentgen pictures had already noticeably 
receded by Aug. 18 (fig. 5). By Aug. 24 there were no further signs of 
changes in the parenchyma, but the left liilus mtis seen to he still 
enlarged. This abnormality had also disappeared on the roentgenogram of 
Sept. 3. 

The sedimentation rate had risen to 41 mm on Aug. 24, but by Sept. 8 
it had fallen to 7 mm. 

He was discharged on Sept. 10 and resumed bis work on Sept. 21. At 
a follow-up examination on Nov. 21, 1942 he reported complete recovery. 
The electrocardiographic tracings were still the same as they were on 
Aug. 18. 


Case 4. Out-Patient No. 658/1942. O.P., born 1897. An iron — plate 
Avorker. He had often suffered from the same symptoms, allbough in a 
milder form, after working with acetylene gas, as those he bad noAv expe- 
rienced The last lime had been in February 1942 Avben he and several of 
his workfellows bad bad to stay at home for a few days. 

On Aug. 14, 1942 he began burning out rivets at 4 p.m. in the same 
room as that m Avhicb the two preceding patients later worked. At first 

n during the course of tlie work 

he smelt nothing pungent about the air. He felt no discomfort until 10 p.m. 

len he began to get a headache and a sensation of heaviness in llie chest! 
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When he went on deck he vomited and began to cough. Despite the couoh 
he went on -working until 1 a.m. on Aug. 15. The next two days he slaved 
away from work because he fell weak and ill, and had a cough. On Aug 17 
he reported for work, but was sent to the hospital for an overhaul because 
he did not feel well. 

His general condition was not particularly affected. No dyspnea or 
cyanosis. His throat was not inflamed. At the physical examination ol 
the limgs a few soft rales were to be heard at the bases. There were -no 
other findings of interest from the clinical examination. His temperature 
was normal. Sedimentation rate, 15 mm. 

On roentgen films taken on Aug. 17, strands of increased density and 
a few patches of infiltration with fairly indistinct outlines were to be 
seen in both lungs. Apleural mantle was visualized at the apices and streaky 
infiltrations on the right side. 

He was kept in bed at home and examined at short intervals. The 
cough persisted for a week, and the headache, which he had for a whole 
month after the mishap, gradually diminished in intensity. 

On a control roentgenogram taken on Aug. 19 the lesions in both pul- 
monary fields had begun to clear up (with the exception of those at the 
right apex, which were interpreted as being of earlier origin). The same 
picture Ivas seen on Aug. 21 and Aug. 24, and not until Aug. 29, two weeks 
after the accident, were the films practically free from the miliary infiltra- 
tions. The sedimentation rate had by that lime dropped to 5 mm. 

He had been afebrile during the entire period. It was not till Sept. 28 
that he could resume his work. 

Case 6. Out-Patient No. 659/1942. B.B., born 1918. A rivetter’s assis- 
tant. In company with the preceding patient he had begun to burn out 
rivets on Aug. 14, at 4 p.m. He had often been sent on deck, however, while 
the work was in progress. He began to feel ill around 8 p.m. About one 
hour later he began to suffer from a cough, shortness of breath, and a 
headache, and had to go on deck time after time to be sick. However, 
he kept on working till 12.30 a.m. on Aug. 15. On the way home his cough 
was bad and he coughed up a small amount of blood. He stayed at home 
and rested on Aug. 15 and 16, during which time he suffered from the 
cough, shortness of breath, and a headache. On Aug. 17 he reported for 
work, but was sent to the hospital for an examination. He appeared to 
be weak and exhausted, and had a moderately severe cough. His throat 
was violently inflamed. A few soft rales were to be heard at the base 
of both lungs. No other clinical findings of interest. Sedimentation rate, 
3 mm. No abnormal features were noted on the roentgen films. 

He was recommended to rest quietly at home. At an examination on 
Aug. 20 he was still very weak and suffered from a headache. His cough 
had not entirely disappeared. After that date he made a rapid recovery 
and could resume his work on Aug. 25. 

Case 7. Out-Patient No. 657/1942. H. P., born 1915. A rivet healer. 
In company with patients 3 and 4 he began to work in the same room on 
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Auir 14 at 7 p-m. Arier about an hour’s work lie fell constricUon in the chest 
fnd a headache, and had to go on deck to gel some fresh air. He soon be- 
can to cough Wlien the job in tlio forepeak as-as completed, at 1 a.m., lie 
:«rwk on .lock ..olil 0,30 a.™ tr„ 11, ca 
there for two days because he felt weak and had a cough. On Aug. 17 lie 
was ordered to report to the hospital for examination. 

He appeared to be weak, was a bad colour, and had a moderate^ 
severe rapid tremor which had developed since the accident. His throat 
was mildly red. There were soft rfiles a{ the base of both lungs. The usual 
clinical and neurologic examinations revealed nothing remarkable. Sedi- 
mentation rate, 4 mm. Roentgenograms of the lungs were normal. 

His cough disappeared within a couple of dny.s. but he was slow in 
regaining his strength. He relumed to work on Sejit. 3. Iherc was then 
no manifest tremor. 


Cases. Journal No. 21C9/1910. G.A.,born 1899, A filer. On Nov. 29, 
1940 he was engaged together with hvo other men in loo.seninglhe tiller 
from the rudder-stock on a warship docked for repair.s. They were lieating 
the tiller to make it expand so that it could be more easily removed. The 
W’ork was being done in a space having a volume of about 1 50 cubic mel rc.s. 
It was connected by a hatch, 1 inofre square, with an upper room with 
open w'indows. In addition to lliis there was an air-pipe with comprc.ssed air 
running to the place of work dowm a stairway from the deck, two floor.s up. 

The tiller was painted, and when they began to lioat it by means of 
two large flames a thick smoke was produced. This poured uji I hrougli the 
hatch into the upper room in which the patient was working. He carried on 
for half an hour in this smoke, wearing a gas-mask. The healing process 
was ilien discontinued and lie worked in the lower room without a mask. 
A few hours later the lieating was started again and Die .same ."iinokc rolled 
up. Once again the patient worked in the upper room wearing a gas-mask. 
Half an hour later the process Avas broken off and lie went back to the 
JoAver room, Avearing no mask. The healing am! (he work following it was 
repeated a liiird lime, but iioaa*, after Da'c lionr.‘:,lie began lo suffer from a 
bad cough, nausea, and breathing difficult ie.s. Tlic rough had already 
made its appearance after about, an hour’s work. 


Tlie symptoms persisted after lie wont home, and during the night lie 
could not sleep on account of shorlncss of breath and the cough. 

He arrived at the hospital on Die following morning, Nov. 30, in a badly 
affected condition and willi {ly.spnea eA'cn when at rest. His face aatis deep- 
ly cyanotic, and he had had coAighing allacks hut no sputum. His throat 
was noticeably inflamed. Numerous light rfiies Averc to be heard nil over 
both lungs. The clinical examination brought out nothing else of ini crest 

He liad no fever on liis admission liuf during the next few clavs his lom- 
perature rose to 38° C, 

11 n^nn° red blood cells, 5.3 million; whites 

loft r ‘J'^fcrontial blood count showed a moderate deviation to the 
left. Sedimentation rate, 4 mm. . * 
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On roentgenograms of the lungs taken on Dec. 3 there were miliary 
and streaky infiltrations, in places confluent, in both pulmonary fields 
except for the apices (fig. 6). On Dec. 5, only two days later, these lesioirs 
had receded noticeably, leaving only miliary shadows (fig. 7). 

His temperature fell slowly until by Dec. 9 he had no fever, and his 
general condition had improved. He then became worse again, his tem- 
perature gradually became elevated, the cough, shortness of breath, and 
cyanosis increased, and on Dec. 14 and 15 his condition was as affected as 
it had been on his admission. At the base of the right lung dullness and 
weakened respiratory sounds were heard, and basally in both lungs there 
were soft riles. Roentgen examination on Dec. 18 revealed that the infil- 
trations had increased and that the right sinus was filled {fig. 8). The 
sedimentation rate, which had previously been lorv, rose to 15 mm on 
Dec. 18, and to 24 mm on Dec. 23. He picked up again, however, but he 
was not without symptoms of fever until Dec. 28. He got up on Jan. 3, 
1941, He -svas then still suffering badly from breathlessness. A few lesions 
were still to be seen on the films of the lungs at the beginning of January, 
but they had disappeared by Jan. 15, when he was discharged. 

An electrocardiogram taken on Jan. 13 indicated left ventricular pre- 
ponderance but no other signs of abnormality. 

He returned to work on Mar. 1, and has since then been able to carry 
on, but he easily becomes breathless. Before his mishap he never had 
breathing difficulties. 

Case 9. Out-Patient No. 1417/1940. E. P., born 1905. A filer. He was 
a member of the same gang, and worked the same hours, as the preceding 
patient, but he was in the lower room the whole time, manipulating one 
of the flames. During the actual heating process he wore a gas-mask, 
but he noticed a pungent smell and thinks that gas must have penetrated 
the mask. In the intervals between the heatings he wore no mask. After a 
couple of hours’ work he got a bad cough. On the evening of the same day 
the cough got worse, and he felt a prickling sensation behind the sternum, 
and became very breathless. On account of this discomfort he stayed at 
home during the next few days. He thinks he had a temperature. 

On Dec. 3 he -went to the medical Out-Patient Dept, and yvas then 
found to be afebrile. His throat was bright red. Scattered dry rdles w'ere 
heard in the lungs. Sedimentation rate, 30 mm. Nothing else of note was 
observed. 

At the roentgen examination on Dec. 3 reticular mottling was seen in 
both pulmonary fields. Another examination on Dec. 5 yielded completely 
normal films. 

He "was treated at home and kept in bed at first. The cough and 
breathing difficulties gradually subsided. By Dec. 11 the sedimentation 
rate had dropped to 8 mm. He resumed his work on Dec. 19. 

Case 10. Out-Patient No. 327/1940. B. S., born 1898. A mechanic. 
He wms working together with the two preceding patients and under exact- 
ly the same conditions as case 9. During most of the time the heating uas 
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m nrouress he wore a gas-mask, hut for a short time he worked without it. 
He^lhfn got an irritating cough. During the next few days he had a trouble- 
some cough and slight difficulty in breathing. He went, on working, 
however despite a feeling of Aveakness. As the breathing difficulties per- 
sisted he came to the Out-Patient Service on Dec. 5. 

With the exception of slight cyanosis nothing abnormal Avas observed 
at the routine clinical examination. Roentgenograms of the lungs were 

normal. i. . j i 

The symptoms subsided rapidly under the influence of rest, and he 

returned to Avork on Dec. 10. 


Case 11. Journal No. 158/1943. S. A., born 1919. A plater. On Jan. 20, 
1943 he Avas engaged in burning out rivets in a small tank having a total 
Amlume of about 30 cubic metres but divided into compartments by loAV 
partitions. The flame he Avas using was small, and the Avork Avas being 
done in short shifts. In the afternoon he began to cough and to have diffi- 
culty in breathing, but after he stopped work at 4 p.m. he had no further 
trouble.' He Avent back to the same AAWk at 7 a.m. the next day. After the 
flame had been burning continuously for hdf an hour he got such a bad 
cough that he had to stop work and go on deck. He was sent at once to the 
hospital, to Avhich he Avas admitted at 8.45 a.m. 

He Avas then deeply cyanotic, breathed heavily, and had an irritating 
cough. His throat Avas not inflamed. No signs of abnormality were noted 
either from the lungs or from other organs at the physical examination. 

The lungs were roentgenographed immediately on his arrival and Avere 
found to be normal. Four further roentgen examinations carried out during 
the next twenty-four hours gave the same result. 

■ He AA-as put to bed and given an alleviating medicine for the cough. 
After about an hour the cough subsided and he had no further discomfort. 
He Avas able to leave the hospital the day after being admitted, and on Jan. 
28 he returned to AVork. 

The blood picture had shoAved no disturbances, and the electrocardio- 
gram As'as normal. 


The following two cases were placed at my disposal through 
the courtesy of Dr. Claes Grill, head physician at the Boras 
Central Hospital. 


Case 12 . E. A., born 1899. A plater. On Jan. 20, 1943 he Avas Avorldng. 
inside a metal cylinder 1.5 metres in diameter and 4.4 metres long. In 
addition to a manliole of 300 x 400 mm there Avas one hole with a dia- 
meter of 75 mm, tAvo of 65 mm, one of 33 mm, and one of 15 mm. With 
he manho e shutter closed, its edges Avere being heated by means of a 
large acetylene flame. After ten minutes’ work the patient felt ill; the hole 
AA^s therefore opened and he came out into the fresh air. A compressed 
air tube Avas then draAvn into the cylinder through one of tlie other holet 

Tto m m for a further 

minutes. He felt ill and breathless after this period also. He did 
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otlier work for one more liour and tlien bicycled home and back again in 
heaxy, slushy snow. On his return, he seemed breathless and a little later 
he complained of a cough and a headache. He went on working, finishing 
about five hours after the completion of the job in the cylinder,' and then 
went home. On his arrival he felt a constriction in his chest,' and pain 
when breathing, and was therefore taken at once to the Boras Hospital 

On admission his general condition was little affected; he was slightly 
breathless but not cyanotic. His throat was pale. Tachycardia was present 
130 beats per minute, but there were no other signs of abnormality from 
the heart. In the night, about 12 hours after being exposed to the welding 
flames, he became worse and coughed up bright red, frothy sputum. He 
improved after oxygen therapy. At noon the followng day he was worse 
again, with severe dyspnea, but he rallied after venesection and admi- 
nistration of oxygen. He deteriorated as soon as an attempt was made to 
discontinue the oxygen treatment. At midnight he suddenly became 
wmrse and died during a severe attack of laboured breathing, 30 hours 
after exposure to the welding flames. 

On his admission to the hospital his temperature wms 39.1° C, but the 
following day he was slightly subfebrilc. Blood count; Hemoglobin, 109; 
red blood cells, 5.40 million; whites, 15,700, with a marked deviation to 
the left. An electrocardiogram taken on his arrival was normal. Sedimen- 
tation rate, 2 mm. 

At autopsy the lungs were found to be emphysematous without macro- 
scopic signs of pneumonic foci. They contained a large amount of frothy 
fluid. The gross appearance gave no indication of other abnormalities. 

Histologic examination (by Prof. O. Reuterwall, Stockholm) yielded 
the following information. Advanced edema was present in the paren- 
chyma of the lungs. The alveolar septa Avere sAVollen and the capillaries 
distended Avith blood, and in places leukocytic infiltration Avas to be seen. 
In some of the lumina of the alA'coli there AV'ere numbers of polymorpho- 
nuclear leukocytes, and in some, red blood corpuscles and fibrinous effu- 
sion. A number of multinuclear epithelial cells of the same type as those 
seen in case 3 AA'erc also present. — In the bronchial lumina there aaws abun- 
dant mucus mingled Avith desquamalory epithelium and polymorphonuc- 
lear leukocytes. The epithelium in the mucous membrane of the trachea 
A\ms normal. Edema and a moderate degree of round cell infiltration aaws 
present under the epithelium. — Apart from the fact that the blood A’essels 
AA'ere oA’^erfull there was nothing remarkable about the heart, liver, or kid- 
neys. 

The brain AA’as examined by Dr. N. Gellerstedt, from Uppsala. Nothing 
definitely’' pathologic could be demonstrated either grossly or under the 
microscope. 

Case 13 . O. P., born 1912. A mechanic. He aaws Avorking together 
Avith the preceding patient on Jan. 20, 1943, and spent the same length of 
time in the cylinder. He felt ill and breathless but these symptoms soon 
passed OA^er. He also had slight irritation of the throat, AAdiich persiste 
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He worked' as- usual for the rest of the day. In the evening the cough got 
worse and he had pains behind the sternum. The following night he was 
unable to sleep on account of the cough and laboured respiration. Wlien 
he arrived at the Boris Hospital the next day at 10 a. m. his general con- 
dition was much affected, he had severe dyspnea and was deeply cyanotic. 
He complained of pains over the cardiac region and had an acute, irrita- 
tive cough. His throat was not irritated. Numbers of light rdles were to 
be heard over the lungs. Nothing unusual from the heart. In the afternoon 
his breathing became more laboured but he responded favourably lo car- 
diac stimulants and oxygen. The whole of the following day he was poorly. 
After a bloodletting he improved noticeably. During the next lew days he 
made a rapid recovery and was discharged on Feb. 1. Because of persistent 
weakness, however, he was unable to resume his work until Feb. 22. 

During the first daj's at the hospital he was subfebrile. Highest tem- 
perature, 38.7“ G. Blood count on admission: Hemoglobin, 100; red blood 
cells, 4.58 million; whites, 8,100. 

Electrocardiograms taken on Jan. 21 and 23 showed norma] mechanism. 

Roentgenograms of the lungs taken on Jan. 24 were normal. Sedi- 
mentation' rate, 10 mm on Jan. 22, 21 mm on Jan. 30, 11 mm on Feb. 6. 

The following case included through the courtesy of Prof. 
Nanna Svartz, of Karolinska Sjulthuset, Stockholm. 


Case 14, S. A., born 1910. A locksmith. In 1932 — 1933 he had been 
treated for pulmonary tuberculosis, during wlvich time a thoracoplasty 
had been done on the left side. He had since then appeared to be perfectly 
well. On Mar. 2, 1942, at 5.30 p.m., he began a training course in gas- 
welding at a welding school in Stockholm, "nie work was being done in a 
well-ventilated room about 770 cubic metres in volume. It lasted till 9.30 
p.m. and during that time he experienced no discomfort. On arriving home 
on the evening of the same day he complained of nausea and a headache. 
During the night he vomited repeatedly. The followng morning ho ,fell 
extremely exhausted, hreatlied heavily and wlicczily, and mus deeply 
cj'anotic. 


On admission to Karolinska Sjukliusel on tlie morning of lifar. 3 he 
was almost unconscious, and extremely cyanotic and dyspiicic. Moist 
rales in great quantities were to be heard over both lungs. A high degree 
of tachycardia was present. The rdles prevented anything furllier from 
being obtained from the heart, and because of his generally poor condition 
a more thorough examination could not be made. After administration of 
oxygen and stimulation of the heart he showed some improvement, buf 
around 4 p.m. the pulmonary edema became worse. He rallied slightlv 
after venesection, but at 5 p.m.' altacivs of general cramp lasting several 
mimites set in, and he finally ceased- to 'hreathe, a large quantity of frothy. 
Woody sputum gushing out of the mouth. 

The autopsy was carried out by 'Prof. W. Bosaeus, and yielded the fol- 
owing information. The right pleural cavity contained 175 cm» of clear, 
Acta mcd. srandinav. Vol. CXVJIl. 
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dark-red fluid. The left lung was adherent to the chest-wall. The rieht 
lung was heavier than normal, and was edematous, especially towards 
the posterior aspect. At the apex there was an old tuberculosis lesion 
showing scars and a pea-sized, cementified core. The left lung was also 
edematous, and contained scars and numbers of small, cementified foci as 
a result of an old tuberculosis. Under the microscope the lung was seen to 
be extremely hyperemic, and the alveoli were edematous and filled with a 
serous fluid which in places contained a few red blood cells. The alveolar 
epithelium showed a certain amount of desquamation, and contained a 
few multinuclear cells. The bronchi were full of a secretion rich in sloughed 
epithelial cells which incorporated leukocytes and a few isolated red blood 
cells. Most of the epithelium in the bronchial mucous membrane had 
sloughed. A certain amount of round cell infiltration was present in the 
tunica propria. The epithelium in the tracheal and laryngeal mucous mem- 
branes had dropped off, and the tunica propria in these organs displayed 
excessive hyperemia, some edema, and a fair amount of round cell infil- 
tration. — The heart was of normal size. Under the endocardium in the 
left ventricle there were observed a few hemorrhages the size of a pin-head, 
some of which were confluent. No other gross or microscopic changes in 
the heart. — The pial vessels contained much blood. The white matter 
in the cerebrum urns noticeably blood-flecked. As regards the micro- 
scopic appearance also, the blood vessels in the pia and the arachnoid, as 
well as in the brain substance, were overfull of blood. In these parts also, 
small isolated hemorrhages were to be seen, and here and there a fair 
degree of edema. — In the stomach, especially interiorly, there was co- 
pious petechial hemorrhage, but the mucous membrane in the other parts 
of the alimentary canal showed no definite changes. — Grossly, the liver 
appeared to be normal, but microscopically a slight increase in fatty infil- 
tration was observed in the liver cells. — The kidneys seemed normal to 
the naked eye, but the histologic examination proved that the malpighian 
bodies had been converted to a large extent into hyaline balls. — No 
abnormal features in the other organs. 

Examination by a public analyst revealed no signs of ethyl alcohol, 
methyl alcohol, metals, or phosphoretted hydrogen. 

The following cases were supplied by Prof. Malte Ljungdahl, 
of the Mahno General Hospital. 

Case 15. K. L., born 1913. A welder. On Mar. 3, 1943 he had been 
working inside a cement-coated fresh-water tank having an approximate 
volume of 30 cubic metres. The only ventilation provided was a 30 x SO 
cm manhole. The wall-plates were being heated with an acetylene flame 
in order that the surface irregularities could be evened out with a sledge. 
The burner was alight only for a few minutes at a time. The work was 
begun at 8.30 a.m. After a very short time he felt ill and had to go out into 
the fresh air, but he went back to his work at once. After a while he began 
getting attacks of coughing and breathlessness, and he was therefore frans- 
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ferred after a couple of hours to a larger tank %vith a volume of 100^ 
metres, where he worked till 4 p.m. wthout further discomfort. Shortly 
after this he felt ill, and in the evening he complained of a cough and pains 
in the chest. In the night Ids breathing \vas laboured and he coughed up 

blood-streaked sputum. , , . „ , ir 

The next day at 10 a.m., when lie arrived at the Malmo General Hos- 
pital, his general condition was badly affected, his face was cyanotic and 
his breathing rapid {70 per minute). He groaned at every breath. The 
mucous membrane in the throat was red and cyanotic. Numbers of loud, 
loose or hard, bubbling and crepitant rdlcs were heard all over the lungs, 
but especially at the bases and anteriorly on the left side. The heart could 
not be auscultated because of the sounds from the lungs. 

Electrocardiographic examination; 135 beats per minute; A-V con- 
duction lime, 0.14 sec.; QRS complex, 0.08 sec;; S-T interval normal. 
Ti _3 positive. Thus, a normal mechanism. 

Blood count; Hemoglobin, 114; red blood cells, 5.75 million; whites, 
19,300, and a moderate deviation to the left. 

Temperature on admission, 38.7° C. 

He reacted favourably to venesection but the dyspnea and cyanosis 
soon became worse again and he coughed up quantities of bright red, 
frothy phlegm. A second attempt at venesection was unsuccessful since 
the blood displayed a greatly increased tendency to coagulate. He died at 
12.45 a.m. on Jfar. 5. 


Autopsy (by Prof. A. Lindau); The mucous membrane in the trachea 
v.'as moderately inflamed. Petechial hemorrhages in large quantities were 
present in the posterior parts of the lungs. Posteriorly, the lungs were 
dark red and devoid of air, while on the anterior aspect they were lighler 
and displayed frothy edema. In section, maximal degree of edema was 
to be seen. Microscopically, the pulmonary alveoli were filled with an 
acute edema. Between the edematous areas there were sections of air- 
containing parenchyma. Here and there the alveolar walls showed leuko- 
cytic infiltration; this was spreading sparsely into the alveoli, in which 
beginning precipitation of fibrin uus also observed. Sloughed cpitlielial 
cells, some of them mullinuclear, were also present in the alveoli. No 
morphologic changes were apparent in tlic vessels or the bronchial tubes. 

The heart was somewhat broadened. Subendocardial, punctate lionior- 
rhages were noted in the left ventricle. — The brain was extremely hvper- 
omie but there were no gross signs of hemorrhage. Jlicroscopic examination 
of the brain was not undertaken. No abnormal fcatimes apparent in the 
other organs. 


Case le. K. N., born 1920. A hodman. On Mar. 3, 1943 ho was acting 
as an assistant to the preceding patient, and under the same working 
conditions. He also felt ill after a short lime in the lank and had to go out 
into the air. At about the same time as the other patient he also began to 
cough and have breathing difficulties. As soon as ho slopped work in the 
confined space, at 11.30 a.m., however, the discomfort subsided and ho 
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did heavy work until 4p.m. Later in the day he began to suffer from 
shortness of breath and pains in the chest and abdomen which were so 
severe that he could hardly sleep that night. Next morning he vomited 
and felt too ill to get up. He coughed up blood-streaked sputum and had 
a troublesome headache. 

When he was admitted to the Malmo General Hospital at 2 p.m. on 
Mar. 4 his condition was not much affected. His face was slightly cyano- 
tic, however, and he became short of breath on the slightest exertion. His 
throat was moderately red. A great many fine and fairly coarse rhles, of 
both the moist and the consonating variety, were heard over the anterior 
surface of the lungs. Posteriorly, the r&les were scarce. Nothing else of 
interest was found at the routine examination. 

Blood count: Hemoglobin, 99; red blood cells, 4.97 million; whites, 
10,000, and a slight deviation to the left. No carbon dioxide could be 
demonstrated in the blood. Sedimentation rate on Mar. 4, G mm. 

His symptoms soon subsided. On the first days after his admission 
he was slightly subfebrile, and after that afebrile. He left the hospital 
on Mar. 11, and returned to work on Mar. 20. 

Roentgenograms of the lungs taken on Mar. 9 were normal. 


Discussion. 

1. The cause of the poisoning. As this problem has been discuss- 
ed in detail by Schiotz (1,3), I shall only treat here certain aspects 
bearing directly on the cases reported in the present paper. 

Through tlie investigations of a number of authors, the most 
thorough of which are those of Rimarski and Konschak (4), it has 
been proved that when an acetylene flame is burning in a confined 
space, nitrous fumes are formed in sufficient quantities to be dan- 
gerous. Tlie conditions under which the patients in the present 
series were working when they became affected were also such as 
to give every justification for assuming that in most instances 
nitrous gases w'ere present in large quantities. According to Ri- 
marski and Konschak, a concentration of nitrous fumes capable 
of causing death can be produced in a space having a volume of 
20.7 cubic metres, with a large flame burning for 15 minutes. In 
cases 12 and 13, the patients were working inside a cylinder with a 
volume of only 10 cubic metres. Xn some of the other cases the 
volume of the room was about 30 cubic metres. That nitrous gas 
poisoning could occur in these cases is obvious. In another experi- 
ment, Rimarski and Konschak demonstrated that a toxic con- 
centration of nitrous fumes can also be produced in a space having 
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a volume of 75 cubic metres even when a ventilator is in use, if an 
acetylene flame is kept burning for 20 to 30 minutes. It is not to be 
Avondered at, therefore, that s^onploms developed in the patients 
in my series (nos. 3—7) who were rvorking for hours in a space. 70 
cubic metres in volume and using an acetylene flame during the 
greater part of the time. 

It is evident, therefore, that at least in the majority of my 
cases nitrous gases could have been the cause of the symptoms. 
It remains to be discussed, hoAvever, Avhethcr other subsUinces 
might have been contributory genetic factors. 

As purified acetylene in cylinders was used in evciy instance, 
poisoning Avilh AsHg or PIIg.Avhich subsUinces haA'e been thought 
by earlier inA'estigatdrs to be the cause of this type of mi.shap, can 
not have been in question in the present cases, (Cf. Schiolx, 1, 3). 
Nor it is likely that carbon monoxide was a conlributory factor, 
since Rimarski and Konschak (4) haA'c demonstrated that CO can 
not lie eA^oh^ed in dangerous concentrations under the conditions 
preA'ailing in my scries. Earlier authors haA'c come to a different 
conclusion, liOAAWcr (c.g. I\Iacnickc, 5; MaAvick, 6, 1, 8), and the 
question of CO as a possible cause of the poisoning Avill therefore 
be discussed in more detail in connection Avilh the clinical and 
patho-anatomic findings. In most of the cases the AA’cUling flame 
AA'as being used to heat surfaces of pure iron or a cement-coated 
surface, and thus fumes arising from the piece, of Avork under treat- 
ment could not be said to be responsible for the. symptoms. Cases 
S to 10 constitute exceptions in this respect, hOAA'cver, and in vioAv 
of the other circumstances in connection witli these cases poisonous 
substances other than nitrous gases might haA'c been present. 

Rimarski and Konschak (4) state that the use of an acetylene 
flame involves no great danger in rooms of more than 100 cubic 
metres in volume. Tlic three last-mentioned patients had been 
working in a space of 150 cubic metres, and furthermore, Asdiile the 
Inirner AA'as alight, the man most affected had been the aa'IioIc 
time in a AYcli-A^cntilated room .situated immediately ahoA^e, Re- 
sides this, they had all worn gas-masks Avliile the work Avas in pro- 
gress. llicy stated that Avhen the painted surface became hot from 
the flame a thick smoke with a pungent odour Avas produced. Tliere 
Avas reason to hcheve, therefore, that some gas Avilli toxic proper- 
ties might have been evolved from the paint. Because of this pre- 



ASTHEKIA CRURUM PARAESTHETICA ()>IRRITABLE LEGSi>) 209 

and consists of an irritating, very unpleasant feeling, difficult to 
describe. To alleviate the sensation, the patients have to rnove their 
legs about again and again. The phenomenon was known in the 
nineteenth century under the name »anxietas tibiarum», but now 
seems to have been forgotten. 

3. In the daytime the legs feel W'eak, or tire easily and tend to 
give way (6 cases out of 8). 

4. Tlie feet or the legs often feel cold (5 cases). 

5. No objective signs have been demonstrated. 

. 6. The disease can persist for decades. 

7. It most closely resembles acroparesthesia (Nothnagel’s 
and Schultze’s syndrome), but the two are not identical. 

8. It is possible that the condition is due to a functional vascular 
disorder. In some cases the disease was apparently caused by 
exposure to cold. 

9. In 5 cases out of 8 good results were obtained Avith ben- 
zylimidazoline (Priscol) per os. 

10. Tliere are two main types of paresthesia, which must be 
carefully distinguished from, one another, the continuous and the 
discontinuous (meurogenio) and »>angiogenic»). Anxietas tibiarum 
belongs to the latter sort. 
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30 cases. Good results were obtained in 7 cases out of 10 with 
Priscol and in 10 cases out of 14 with Doryl per os 4 — 6 tablets 
a day. 
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sumption, the paint on the surface of the metal was' subjected to 
careful analysis. The analysis was carried out by S. Torcsson, an 
analyst at the laboratory attached to the Gotaverken Shipbuilding 
Yards, and he found that the coating of colouring matter contained 
heavy spar, zinc oxide, zinc sulphide, iron and aluminium oxides, 
and an organic substance (dried oil or lake). There were only traces 
of calcium, lead, chlorine, and arsenic, and no phosphorus at all 
could be detected. A. further examination by Prof. G. Ljunggren 
of the Defence Department’s chemical section revealed that on dry 
distillation of the paint acrolein was formed in large quantities. 
In addition, there was produced a thick smoke with an irritant ac- 
tion and containing zinc oxide and other substances. 

Acrolein, C0H3COH, is evolved from glycerine during the pro- 
cess of heating, and it may have been formed, at the time of the 
mishap, from glycerine in the paint. Even in very low concentra- 
tions it has a highly irritant action on the conjunctivae and the 
upper respiratory tract, and in larger amounts it may also cause 
pneumonia. During the previous World War it was used in poison 
gas attacks. Cases of supposed acrolein poisoning following acety- 
lene welding have been described by Koelsch (9). 

Thus, as acrolein was produced in large quantities Avhile these 
three patients were at w'ork, and since the syndrome bore a resemb- 
lance to that occurring in acrolein poisoning, it is not beyond 
reason that this gas may have been partly responsible for the 
symptoms. It should be noted, how'ever, that the patients had 
neither a discharge of tears nor nasal catarrli, but only a cougii, 
and a certain hesitation is felt, therefore, in assuming that the gene- 
sis in these cases could have differed from that of the others. 

^VlnIe it is thus evident that the patients referred to in the 
case reports had been subjected to the influence of nitrous fumes, 
yet before the etiologic factor can be definitely established it is 
necessary' that the clinical symptoms and signs, and the palho- 
anatomic appearances, should coincide with the findings already 
made in proved cases of nitrous gas poisoning. 

2. The clinical syndrome. Tlie first symptoms generally appear 
even while the work is in progress. Tliey consist as a rule of a cougli 
and nausea. The cough is not necessarily one of the initial syanp- 
toms, however (see cases 2, 4, & 12), and in some instances it can 
be insignificant. The nausea, which is often accompanied by 
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vomiting, is sometimes the dominating feature, but it may also be 
absent (cases 7 — 11). In some of the patients a headache deve- 
loped at an early stage (cases 1, 5 & 7). As regards case 14, the 
patient reported that no symptoms at all had arisen during the 
course of the work, but his statements are somewhat vague. 

If a man experiencing these symptoms stops work at once and 
is given suitable treatment, no further discomfort need arise. An 
example of this is pro^^ded by case 11, in which, despite the -vio- 
lent initial symptoms, there was no further development of the 
illness. 

In the majoritj’- of the cases, the first symptoms either sub- 
sided or totally disappeared as soon as the men were removed from 
the influence of the dangerous fumes. After an interval which varied 
in the indi-vidual cases symptoms reappeared. Generally, however, 
the patient was not completely free from discomfort in the period 
elapsing between the two sets of symptoms. A mild cough, slight 
nausea, or a headache were often present at this stage. Complete 
freedom from symptoms seems to have existed only in cases 12 and 
16. In case 3 there was no such interv^al, and it was also practic- 
ally absent in some of the other cases. 

It is not possible to base any conclusion regarding the severity 
of the later symptoms on the strength of the initial symptoms. In 
case 2, for instance, the first stage was extremely mild but severe pul- 
monaiy' edema subsequently developed, while as regards patient 6, 
who had violent discomfort in the beginning, the subsequent course 
■vyas fairly uneventful. Nor does the presence or absence of a latent 
interval appear to affect the later course of the illness. In case 3 the 
patient was not definitely symptom-free at any stage, and in case 12 
there were no symptoms at all after the first stage of discomfort 
had subsided, but in both instances a fatal pulmonary edema deve- 
loped in the later stage. 

The duration of the free interval, in the cases in which it could 
in some measure be distinguished, was 3 to 6 hours. 

Antong the later symptoms a cough and breathing difficulties 
are the most pronounced. The cough is extremely irritating, and 
prevents the patient from sleeping. The severity of the shortness 
of breath varies, but in many cases it can be intense. , Not infre- 
quently there are pains in the chest, especially behind the ster- 
num. A high degree of weakness is usually present. Nausea and 
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The sedimentation rate is normal in the early stage of the poi- 
soning. Tliere may later be a moderate rise. 

Electrocardiographic changes have been demonstrated by 
Alilberg and Dahlberg (10) in one case, and they were also noted 
in one of the cases in the present series (case 3, immediately before 
death). In the cases mentioned in the literature there are only a 
few references to the electrocardiographic aspect, and the two in- 
stances mentioned above seem to be the only ones which have 
displayed abnormality, in the case reported by Alilberg and 
Dahlberg the tracings soon became normal again. As regards my 
patients, nos. 2, 4, 8, 11, 12, 13 & 15 yielded a normal electrocar- 
diogram; thus even when the poisoning was extremely severe no 
abnormality was apparent. In both the cases showing an irregular 
mechanism the changes consisted in a depression of the S — inter- 
val, except for that in lead I, and in a shortening of the auriculo- 
ventricular conduction time; the latter sign has been interpreted 
as an indication of myocardial damage (Soderstrom, 11). It would 
seem, therefore, that even the severe forms do not as a rule cause 
any changes in the electrocardiogram. ' Of the two patients yielding 
abnormal tracings, the one survived and the other died. It does not 
seem possible, therefore, to make any prognosis on the basis of the 
electrocardiographic findings. 

Can these clinical signs and symptoms be said to coincide with 
the observations in proved nitrous gas poisoning? 

Nitrous gas poisoning is by no means a rare occurrence. Schultz- 
Brauns (12), in 1930, reviewed no less than 150 deaths and oinnu- 
merable» cases of illness. A fair amount is therefore known about 
the syndrome, despite the fact that the num.ber of cases submitted 
to thorough clinical examination is not large as yet (Ahlberg and 
Dahlberg, 10). Flury (13) has classified the condition into four 
different tj^es with varying clinical symptoms. In the irritant gas 
type there first occur signs of local irritation, then a latent period 
of a few hours, and finally pulmonary edema followed by death 
within 1 to 2 days; In the reversible type there appear vnthin rapid 
succession of one another dyspnea, cyanosis, vomiting, vertigo, 
and sometimes unconsciousness. If the person affected can be 
removed at once from the poisonous atmosphere he soon makes 
a complete recovery. Ih the shock type there appear almost in- 
stantaneously signs of suffocation, convulsions, and cessation of 
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the breathing. This form only occurs when high concentrations 
of the gas are suddenly inhaled into the lungs. In the combined 
type there are immediate cerebral symptoms which subside after 
the affected person is removed from, the poisoned air, but after a 
latent period lasting a few hours breathing difficulties and other 
signs of pulmonary edema appear. The reason why the picture 
varies to such an extent in the different cases is thought by Flury to 
be due not only to different concentrations of the gases but also 
to variations in the composition of the nitrous fumes. When a 
high concentration of nitric monoxide is present the cerebral 
signs are predominant, while nitric dioxide exercises a more 
local irritant action and tends to cause pulmonary edema. 

The clinical observations both in my series and in the cases 
reported in the literature in which the poisoning had arisen under 
similar circumstances are in good agreement with the description 
worked up by Flury. On the other hand, they do not tally in the 
least with the syndrome occurring in poisoning due to carbon 
monoxide, arsenuretted hydrogen, or phosphoretted hydrogen, 
substances to which the poisoning in these cases has been ascribed. 
The syndrome bears the closest resemblance to that caused by 
phosgene, although in the latter the initial symptoms do not appear 
in the same way. 

3. The roentgenographic appearances in the lungs. ^ In six of 
the cases described, the roentgen examination revealed lesions in 
the lungs. In most of the cases in which the roentgenograms 
showed no positive changes the examination had been carried out 
so many days after the actual accident that, judging from the 
experiences gained from the other cases, there had been time for 
even established lesions to disappear. In the one case in which 
examination was possible at the initial stage the roentgen picture of 
the lungs was normal despite the fact that there were definite 
signs of irritation of the respiratory passages. 

•Thus, in all severe cases, roentgenologic signs of pulmonary 
lesions are in all probability one of the distinctive features in the 
secondary stage. 

In the severe cases, confluent areas of increased density are 

1 In the preparation of the section on the roentgenographic appearances 
valuable assistance has been given by Dr. C. J. Hansson, of the Boentgen 
Diagnostic Department at the Sahlgren Hospital, Gothenburg. 
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visualized. In the milder forms, or at the convalescent stage, 
scattered mottling is to be seen. Tlie diseased patches are scatter- 
ed all over the pulmonary fields but are most numerous in the 
middle zone of the lungs. This distribution in the pulmonary 
field is so typical that the very fact of its presence on the roentgen 
film is almost sufficient to justify a diagnosis. 

In the cases in which mottling is \asualized the films sometimes 
bear a striking resemblance to those produced in miliary tuber- 
culosis, especially if, as in cases 2 and 5, there are at the same time 
signs of an old tuberculosis. However, the typical distribution in 
the pulmonary field, with the densest concentration of the lesions 
in the middle zone, differs from the appearances usually seen in 
miliar^’’ tuberculosis. 

It is surprising how pronounced these pulmonary lesions may 
appear in patients wdth only slight or no demonstrable physical 
symptoms from the lungs and a good general condition (cf. cases 
5 and 9). 

Tlie changes are in some patients extremely transient, as in 
cases 2, 4, and 9, wdiilc in others they persist for several ivecks 
before disappearing entirely. In one instance (case 8), after re- 
ceding in some measure, they increased again in extent. 

Lesions of this kind have previously been reported in only 
three cases, namely by Ziemke (14), Renander (15), and Ahiberg 
and Dahlberg (16). They tally with the observations in connec- 
tion with nitrous gas poisoning ocemring under different conditions 
(cf. Ahiberg and Dahlberg’s publication). 

I^^iether similar syndromes may be produced by other tY^pes 
of gas poisoning causing toxic pulmonmy edema is not yet clear, 
since roentgen examinations of the lungs do not appear to have 
been carried out in such cases. 

Tlie changes may recur (as in case 8) in established nitrous gas 
poisoning also. Dr. E. Akcrberg, of the Alingsas Hospital, has sent 
the variter a report on such a case. 

4. Can permanent sequelae result from the poisoning? Of the 
cases reported in this paper there was only one, no. 8, in which 
there were permanent sequelae. Ever since the accident the patient 
has suffered from rather troublesome shortness of breath after 
exertion. Patient 2, who suffered from severe headaches and fati- 
gue after the accident, has since then been subject to long periods 
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of weakness and nervosity; however, as he had been treated for the 
same trouble even before tlie mishap the poisoning can hardly be 
blamed for these symptoms. 

rt is difficult to form any idea from the literature of the extent 
to which permanent sequelae may result. Altliough cases of this 
form of poisoning arc fairly common they have as a rule only 
aroused interest, and been described, after a death has occurred, 
and there are tlius no detailed reports including tlie milder forms 
also. A few cases with lasting after-effects have been published, 
however. Floret (16) has described a patient who suffered for a 
long time from nervousness, tremor, tachycardia, and arrhythmia 
of the heart. Jacobi (17) mentions a case in which, in his opinion, 
previously existing myocardial damage was aggravated by poisoning 
resulting from work with acetylene flames. Bulmer, Rothwell, 
and Frankish (18) made a report on a patient who had breathing 
difficulties on exertion for along while after the mishap. Among the 
cases reviewed by Schiotz (3), patient 2 suffered from dyspnea for 
a long period, and no. 5 was left with permanent shortness of breath 
and a tendency to cough. Judging both from tlie witer’s series, 
and the literature, therefore, permanent sequelae seem to be rare. 

In nitrous gas poisoning brought about in other ways, it is 
also known that permanent after-effects may follow, in the form 
of a cough lasting over a long period, breathing difficulties, heart 
trouble, and a reduction in weight. (Cf. Floret, 19.) Synrptoms of 
this kind are said to be very common. 

5. Patho-anatomic obseruations. The most pronounced changes 
arc found in the lungs and in the brain, but other organs may also 
be affected. 

As regards the lungs, even the gross appearance in the four 
postmortems appended displayed an advanced edema, in some 
places combined with small foci of pneumonia. Under the micro- 
scope, most of the alveoli were seen to be filled with edema of great 
acuteness. In some areas the effusion was mixed with an abun- 
dance of leukocytes, with the result that small patches of broncho- 
pneumonia had been formed. The alveoli not filled by edema were 
distended to their maximum size and some had damaged walls. 
In addition to leukocytes, the alveoli also contained desquamated 
epithelium,. Some of these epithelial cells had several nuclei. In 
the bronchi purulent bronchitis was usually present. In case In, 
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however, despite tlie advanced changes in the alveoli, the bronchi 
sliowed no lesions. Inflammatory degeneration was also noted in 
the trachea, hut this varied in severity in the different cases. ^ 

In all the reports on patients who died under similar circum- 
stances, a high degree of pulmonary edema is mentioned in connec- 
tion vdth the macroscopic appearance observed at the postmor- 
tem, (Hulst, 20; Holtzmann, 21; Kissinger, 22; Haegele, 23; Walz, 
24; Ziemke, 14; Bridge, 25; Kiister, 26; Macnicke, 5; Nordmann, 
27; Mawick, 8; Cramer, 28; Wright-Smith, 29). In the cases in 
which a histologic examination was carried out (Hulst, Holtzmann, 
Haegele, Ziemke, Walz, Kiister, Nordmann, Wright-Smith) edema 
in an advanced stage Avas also found, in some instances accom- 
panied with inflammation; thus, the same findings as in my series. 
On the other hand, as far as I can find, no other publication con- 
tains reference to the occurrence of multinuclear epithelial cells 
in the aKeoli. 

Thus, the most severe lesions arc to be found in the alveoli 
and in the finer bronchial branches, while the upper respiratory 
passages are involved to a much lesser degree. Tlic changes can 
therefore not be ascribed to tlic direct corrosive action of the 
poisonous fumes. 

Effusion into the pleura may occur (see the autopsy report in 
case 14, the clinical and roentgenographic findings in case 8, and 
Hulst’s paper, 20), 

Examination of the brain reveals in some cases, in addition to 
hj-peremia, small hemorrhages with a characteristic tendency to 
be situated in the white matter. Hemorrhages of this kind Avere 
present in large numbers in case 3, and sparsely in case 14. Tlicy 
were not present in cases 12 and 15. Tlic older bleedings arc of the 
nature of ring hemorrhages. Necrosis of the central vessel in the 
hemorrhage is often observed. Tlic endothelium in the fine cerebral 
vessels is swollen. The ganglion cells, on the other hand, sliow no 
definite changes. 

Brain purpura in patients ivho have died after using acetylene 
flames has previously been mentioned hy Hulst (20), Holtzmann 
(21), Haegele (23), Walz (24), Ziemke (14), and Wright-Smith (29). 
As the brain does not appear to have been examined in most of tlic 
other cases submitted to autopsy, it would seem that small hemor- 
rhages in the brain is a common finding. The tyjiical concentra- 
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tion of these lesions in the white matter is stressed by Hulst (20) 
Haegele (23), Ziemke (14), and other investigators. The latter also 
found in his case symmetrical degeneration of the lenticular nuc- 
leus. This feature Was also observed by Holtzmann (21). 

In two cases in the present series the heart showed changes, in 
the form of small subendocardial hemorrhages (cases 14 and 15). 
Similar hemorrhages are also mentioned in connection with one of 
Maenicke’s (5) cases. Enlargement of the heart has been described 
by Kissinger (22), and Ahlberg and Dahlberg (10) also observed the 
same feature in tlieir clinical examinations. Walz (24) and Haegele 
(23) both noted fatty degeneration of the heart muscle. 

As regards the alimentary canal, punctate hemorrhages were 
seen in the mucous membrane of the stomach in case 14. Ziemke 
(14) found a severe necrosis in the rectum, in his case. 

Walz (24) reported fatty degeneration of the liver, and Wright- 
Smith (29) toxic lesions in the liver, the kidneys, and the spleen. 

How do these changes tally with the observations in proved 
nitrous gas poisoning? 

Tlie above-mentioned lesions in the lungs and in other parts of 
the respiratory tract arc in complete agreement -with the features 
described by Schultz-Brauns (12) as being characteristic of nitrous 
gas poisoning. The multinuclear epithelial cells in the alveoli are- 
also mentioned in his publication. 

The changes found in the brain in connection wdth this form of 
poisoning also correspond in the different publications fSchultz- 
Brauns, 12; Winblad, 30). The numerous small hemorrhages in 
the white matter occur in both groups of cases. In nitrous gas poi- 
soning arising under circumstances other than from welding »vith 
acetylene, however, hemorrhages in the brain have never been ob- 
served in patients dying less than 37 hours after the accident (SVin- 
blad, 30), and it is thought, therefore, that the occurrence or non- 
occurrence of the hemorrhages must be dependent on the time 
elapsing between the accident and the death of the patient (Schultz- 
Brauns). This is not absolutely in agreement "with the observations 
made in poisoning incurred from the use of acetylene flames. In 
case 14 in my series, petechial hemorrhages were present despite the 
fact that the time between the poisoning and the death of the 
patient could certainly not have exceeded 23 hours. Cerebral 
hemorrhages were also observed in the cases reported by Hulst 
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(20) and by Wrigbt-Smitb (29). In these, an interval of 24 hours 
had elapsed betAVeen the mishap and death. On the other hand, 
in my case 12, in which deatli occurred 36 hours after the accident, 
and case 15, in which 40 hours passed before the patient expired, 
there were no definitely established cerebral hemorrhages. Thus, 
although the time is not the only factor determining the occurrence 
of the bleedings, yet it would seem that hemorrhages in the brain 
do not arise at the time of the accident but rather one or two 
days later. 

Tlie changes observed in the other organs as a result of acety- 
lene gas welding are essentially the same as those occurring in 
established nitrous gas poisoning (Schultz-Brauns, 12). A certain 
interest is attached to the fact that Loeschke (31) noted lobar 
pneumonia in a patient who died seven days after the accident. 
Cramer (28) also, basing his arguments on experimental investi- 
gations, came to the conclusion that lobar pneumonia may quite 
well arise as a sequel to nitrous gas poisoning. Tims, altlmugh no 
case of this land has as yet been reported in connection with ace- 
tylene welding, yet such a possibility cannot be left out of account. 
Further, it is of interest to note that obliterating bronchiolitis and 
carnifying miliary bronchopneumonia have been observed in cases 
of nitrous gas poisoning in which death occurred some time after 
the accident. This provides an explanation of the shortness of 
breath and the cough which sometimes persist as lasting sequelae. 
Tlie changes in other organs satisfactorily explain other permanent 
after-effects. 

Do similar syndromes arise under other circumstances? 

Both Schultz-Brauns (12) and Winblad (30) have drawn atten- 
tion to the complete conformity existing between the anatomic 
findings in poisoning produced by certain rwar gases, in particular 
phosgene and chloropicrin, and those brought about by nitrous 
fumes. On the other hand, the syndrome in the latter is quite diffe- 
rent from that seen in carbon monoxide poisoning; this is all the 
more remarkable since many authors (Hulst, 20; Holtzmahn, 21; 
Haegele, 23; Ziemke, 14) have diagnosed CO intoxication precisely 
on account of the anatomic findings. The pulmonary lesionS are 
in no way similar to those occurring in CO poisoning. Cerebral 
hemorrhages certainly may occur in the latter form of poisoniim 
but when present they are located in the gray matter as well, ospe- 
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dally in tlie central ganglia p^Veiinann, (32)], and are not con- 
centrated exclusively in the while matter as was so consistently the 
case with the patients vdio died as a result of acetylene gas welding 
Ziemke’s (14) assertion, that isolated cases of CO poisoning may 
present a similar picture, is no doubt correct [Weintann, (32)] 
but it is hardly likely that this form of poisoning would produce 
in all such cases a set of symptoms so strikingly different from those 
commonly occurring in CO poisoning. 

Influenza combined -with hemorrhagic bronchopneumonia and 
brain purpura may also cause a somewhat similar syndrome, but 
in such cases the lesions are of a more definitely inflammatory 
nature. For details in this connection, the reader is referred to 
Schultz-Brauns (12). 

Both the clinical and the roentgenographic findings and the 
patho-anatomic appearances are thus in complete accordance with 
the observations in proved cases ‘of nitrous gas poisoning. Among 
other forms of poisoning, it is only a few' types caused by gases 
used in w'arfare that bear any definite resemblance to the variety 
under discussion, but in these the clinical signs and symptoms show 
certain divergences, and the conditions necessary for the evolving 
of phosgene did not exist when the various accidents occurred. 

It must therefore be regarded as established that the poison- 
ing occurring in connection with acetylene welding in a confined 
space is due to the evolving of nitrous fumes. (Possibly also, fumes 
arising from the piece of work in hand may sometimes be a contri- 
butory cause.) 

6. Treatment. llTien a person begins to feel discomfort while 
manipulating an acetylene flame in a confined space the first 
measure is to see that he is removed from the poisonous atmosphere. 

From the experiences gained in connection wdth phosgene poison- 
ing, which is very similar, it is well know'n that the patient must 
have complete rest after being exposed to the dangerous gas, even 
though all the symptoms may have rapidly subsided. The case 
reports appended in the present paper point in the same direction. 
In case 12, in which the initial symptoms w'ere violent, rio secondary 
symptoms appeared, while many of the other patients who had 
only slight discomfort to begin w'ith, later became seriously ill- 
Only the first-mentioned patient had complete rest. 

If secondary symptoms develop, complete rest is still of vital 
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importance. For the cough, various types of remedial medicine may 
be given, and for the threatening cardiac insufficiency, cardiac sti- 
mulants. As may be seen from the present series, immediate re- 
lief is often produced by oxygen therapy and by bloodletting. To 
counteract the tendency towards the development of pulmonary 
edema, the injection of calcium salts (Ahlberg and Dahlberg, 10) 
has been suggested, but caution ought undoubtedly to be exercised 
in using such a thrombosis-promoting agent in an illness so likely to 
be complicated by thrombosis (see Schultz-Brauns, 12). In some 
cases I have used injections of h 3 T)crtonic glucose solutions, and I 
consider this treatment to be of value. 

The length of time the patient is kept in bed must depend 
on the symptoms in the individual cases. K pulmonary'' lesions 
have been visualized on the roentgenogram, they ought to liave 
completely disappeared before the patient is allowed to getup. Not 
even then can the possibility of a recurrence be totally excluded. 
(See Akerberg’s case, page 26.) 

7. Hygienic precautions and prophylaxis. It is erndent both 
from tlie appended case reports, and from numerous statements 
in the literature, that work involving the use of acetylene flames 
is often carried out under such conditions that nitrous gases in 
dangerous concentrations are evolved ndthout 'any effective pro- 
tective measures having been taken to counteract them. Neither 
the employers nor the worloncn have been arvare of the risk. 
Enlightenment on this aspect of the work is essential. In all pro- 
bability it will be necessary to issue special instructions for the use 
of these flames, as has been done in Germany (see Schidtz, 1). 

Because of insufficient knowledge regarding the symptoms and 
the risks involved, the men often go on working in the poisoned air 
even after they have beghn to experience severe discomfort. In- 
formation concerning the necessity of breaking off the Yvork and of 
getting complete rest, if symptoms arise during Yvclding with ace- 
tylene gas in confined spaces, should be Yvidcly broadcast among 
all Yvorkmen engaged in this type of Yvork, 

\VIiat are the external circunistances necessitating special 
protective measures? 

I^arsld and Konschak (4) consider that if the room is Yvell- 
ventilated and its volume OY^r 100 cubic metres, there is no dan^fer 
of nitrous gas poisoning. Among the cases described in this papm-, 
16 — Ada med. scandinav. Vo I, CXVlll 
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however, there was one in which poisoning resulting in death ^vas 
incurred while work was in progress in a space having a volume ol 
770 cubic- metres (case 14). In cases 8 to 10 the work was being 
done in a room of 150 cubic metres. It is clear, therefore, that a 
severe form of poisoning may also arise in rooms of fairly large 
volume. And obviously, the smaller the space, and the longer 
the %vork is continued, the greater will be the risk. 

It stands to reason, as is proved by the evidence of both my 
series and the investigations of Rimarski and Konschak, that in 
case of spaces having a volume of less than 100 cubic metres, air 
conveyed to the room merely by means of a compressed air tube is 
insufficient to ensure satisfactory ventilation. In such cases it is 
essential that the poisonous fumes be drawn out by a suction appar- 
atus situated as near as possible to the place of -work and that fresh 
air be simultaneously pumped into the room, ROien it is a ques- 
tion of very confined spaces either a gas-mask provided Avith a 
filter to deal with sour gases, or a respirator or oxygen inhaler 
should be used. The Rvo last-mentioned apparatuses have been in 
use during the past year at one of the shipbuilding yards in Gothen- 
burg at which accidents had previously occurred, and they have 
won the unqualified approval of the employees. 

Summary. 

Sixteen cases of poisoning of varying degrees of severity, occur- 
ring during welding Avith acetylene gas, are described. Four of the 
patients died, and the postmortem records relative to these cases 
are presented. 

In every instance the poisoning is believed to haAm resulted 
from the inhalation of nitrous fumes evolved in the flame. In three 
of the cases acrolein may have been a contributory cause. 

The clinical picture is described in detail and the question of 
permanent sequelae is discussed. Characteristic lesions AA'ere ob- 
served in many of the roentgen films of the lungs. A description of 
the anatomic changes is given. Both the clinical and the anatomic 
findings agree Aveli AA'itli the changes obserA'ed in proved nitrous 
gas poisoning. 

The method of treatment, hygienic precautions, and the pro- 
phylactic aspect are also discussed. 
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Nouvelle classification des cardiopathies 
congenitales. 

Pat 

JEAN LEQUIME el JEAN VAN HEERSWYNGHELS. 
(Ce travail cst parvenu it la redaction le C jMars 1944). 


A. Introduction. 

Diverses classifications des cardiopatliies congenitales ont ete ■ 
proposees au cours de ces vingl dernieres annees. L’une d’entre 
elles, due a Dry, est basee sur des donn&os embryologiques. Sont 
successivement envisagees: 1° les malformations associees au deve- 
loppement du septum; 2“ les anomalies rdsultant de troubles dans 
revolution du bulbe cardiaque; 3° les malformations li^es au deve- 
loppement des arcs aortiques; 4° les anomalies des arteres coro- 
naires; 5° la dextrocardie. 

Maud Abbott, dont la contribution a I’etude des cardiopatliies 
congenitales a ete extrfimement importante, surtout en ce qui con- 
cerne I’anatomo-pathologie, a proposd une classification adoptee 
k Theure actuelle par la tres grande majority des auteurs. Cette 
classification distingue un groupe d’affections sans signification 
Clinique et un groupe d’affections ayant une signification clinique. 
Dans la premiere catdgorie elle range, d’une part, les anomalies 
qui n’entrafnent aucun trouble circulatoire, comme, par exemple, 
la dextrocardie, et d ’autre part, les monstruosites incompatibles 
avec la vie, telles que, notamment, I’acardie et I’cctopie cardiaque 
cervicale. Elle divise la seconde categoric en trois groupes; 
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1° Un groupe acyanotique qui comprencl ies malformations 
n’entrainant pas de communication entre Ics cavites cardiaqucs 
(valvule aortique bicuspide, stenose aortique, coarctation de I’aorte, 
arc aortique droit, anomalies p6ricardiques, etc.). 

2° Un groupe de malformations, ou il existe en principe un 
»shunt» arterio-veineux et oil la cyanose manque liabituellement, 
mais oil elle peut apparaitre d’tine fa^on transitoire ou terminate; 
ce groupe renferme notamment les anomalies du septum interauri- 
culaiie, les anomalies du septum interventriculaire et la persistance 
du canal arteriel. 

3° Un groupe cyanotique, subdivise lui-mSme en cardio- 
pathies a cyanose moderee, c 3 mnosc marquee et cyanose extreme 
et comprenant entre autrcs malformations la stenose pulmonaire, la 
tetralogie de Fallot, le complexe d’Eisenmcnger, la transposition 
des grands vaisseaux de la base. 


B. Critique de la classification de Maud Abbott. 

La classification de Maud Abbott constitue une tentative 
remarquable do synthese des affections congdnitales du coeiir, 
Elle est pourtant susceptible dc diverses critiques. 

Tout d’abord la distinction entre malformations a signification 
Clinique et malformations sans signification clinique nous parait 
mal etablie. Lc groupe dit sans signification clinique comprend en 
effet, d’une part, des anomalies relevant uniquement du domaine 
de la teratologic et, d’aulre part, des malformations commc la 
dextrocardie dont le diagnostic precis prdsentc une rdclle utilite 
dans la pratique courantc. 

Par ailleurs, la classification de I’auteur est cssentiellemcnt 
basee sur la presence ou Tabsencc de cjmnosc. Ce symplome pre- 
sente evidemment un grand interfit pour lc clinicicn, mais il nous 
parait impossible dc nous en servir pour etayer une classification. 
L’origine de la cyanose est frequcmment complexe cn effet et n’cst 
pas necessafrement Uee a I’existcncc d’unc malformation cardiaque. 
On sait qu’die apparait lorsque lc taux d’hdmoglobine reduite du 
sang capillairc depasse 5 g pour 100 cm^. Rappelons quels soiit les 
facteurs susceptibles d’entrainer I’apparilion d’un cxces d’hemo- 
globmc reduite dans le sang capillairc: 
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1 ° Une hemalose defeduciiseau niveau dur^caupulmonaire. Le 

sang pent quitter les poumons avec une charge trop faible cn oxy- 
gene et presenter par consequent une insaturation devde, C’est ce 
que Ton observe au cours de la pneumonie ou dans les affections 
pulmonaires chroniques (emphysenie, bronchitc chronique, etc.). 

2° Une desaturation excessive du sang par ralentissemenl cir- 
culatoire. L’insuffisance cardiaque s’accompagne d’un ralcntissc- 
ment circulatoire parfois considerable. La stase peripherjquc qiii 
en resulte, entrainant une desoxygenation exageree, diteminc 
I’apparition d’un exces d’hemoglobine rcduite dans le sang 
capillaire. 

Des phenomenes identiques pourront s 'observer dans dcs 
stases peripheriques localisees, independantes de toute affection 
cardiaque; c’est cc qu’on note au cours des acrocyanoses. 

3° Un Dshunb) veino-arleriel. La penetration dans le sqng arlericl 
d’une certaine quantite de sang veineux entraine la presence d’lm 
exces d’hemoglobine reduite dans le sang capillaire. 

4° Une augmentation du taux de I'hemoglohine iotale. Au cours 
des polyglobulies, quelle qu’en soit I’origine, le taux d’hemoglobinc 
reduite est augmente proportionnellement au taux d’hemoglobinc 
totale. 

Divers facteurs sont par consequent susceptibles de produirc 
la cyanose. Une classification des cardiopathies congenitales, hasee 
sur I’existence ou I’absence de ce symptome, nous parait done pen 
justifiee. Quelques remarques au sujet des groupes envisages par 
Maud Abbott nous permettront de preciscr cette affirmation. 

Get auteur distingue tout d’abord un groupe acijanolique dans 
lequel elle range les malformations n’entrainant pas de communi- 
cation entre les cavites cardiaques. 

L’absence de »shunt)> n’exclut pourtant pas necessairemenl 
la cyanose et les anomalies rangees dans ce groupe pourront par- 
faitement s’accoinpagner d’une tcinte bleuatre des teguments, si 
d’autres facteurs que le »shunt» interviennent pour la produirc. 
C’est ainsi par exemple que la coarctation de I’aorte, arrive a la 
periode d’insuffisance circulatoire, presente parfois un degre mar- 
que de cyanose. 

jSIaud Abbott envisage ensuitc un groupe de cardiopathies con- 
genitales ne s' accompagnant pas en principe de cyanose, mats oh. ce 
symptdme peut apparattre d'une fagon transitoirc ou terminate 
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(maladie de Roger el canal arlericl, par exemple) Chez dctels sujets, 
rapparitioTi de la cyanose serait due, pour elle, au renversement 
d’un »shunt» normalement arterio-veineux, Cette maniere de 
voir nous parait liypothetique. 

Chez I’enfant porteur d’une communication interventriculaire 
et q^ui presente un accte de cyanose transitoire (cyanose paroxys- 
tique de Variot), on admet trop facilement que, sous Tiofluence de 
la loux ou d’un effort a glotte fermee, la pression augmente brus- 
quement dans le coeur droit et determine un renversement dti 
»shunt». Ce mecanisme d’apparition de la cyanose n’est pas impos- 
sible, mais on pent, avec une egale vraisemblance, invoquer un 
trouble de I’hematose pulmonaire consecutif ^ I’asphyxie. 

De meme, on admet qu’au cours d’une broncho-pneumonie ou 
d’une insuffisance cardiaque terminale, il sp produit un renverse- 
ment du »shunti> (cyanose terminale de Bard et Curtillet). Il est 
tout aussi plausible de penser que, chez de tels sujets, la cyanose 
resulte d’une hematose pulmonaire insuffisante cn cas de broncho- 
pneumonie et est consecutive au ralentissement circulatoirc lors 
d’une insuffisance cardiaque. 

Maud Abbott considere enfin un groupe cijanoiiqiie subdivise 
lui-mime en cardiopathies d cyanose moderee, cyanose marquee et 
cyanose extreme el oil sonl ranges enlre aulres la stenosc pulmonaire, 
la ietralogie de Fallot et le complexe d’Eiscnmcnger,^ 

En realite, la cyanose pent etrc presentc dans ces affections, 
mais ce symptome est loin d’etre constant. Dans la stenose pulmo- 
naire, la cyanose est relativemcnt rare; quand elle existc, ellc est 
due a un ralentissement circulatoire excessif. 

Dans la tetrade dc Fallot, ct le complexe d’Eisenmenger, la 
cyanose est, pour Maud Abbott^ consecutive au »sliunt» veino- 
arteriel. Cependant un »shunt» veino-arteriei n’implique pas 
necessairemcnt I’existencc d’urtc cyanose. Le taux d’li^moglobine 
reduite ne depasse guere chez Thomme normal 3 g pour 100 cm^. 
Comrae la cyanose n’apparait que pour un taux d’hemogJobine 
reduite attcignant 5 g pour 100, il faut done, en I’absence d’autres 
facteurs, que le »shunt)> veino-artericl soit suffisant pour ajouter 
2g d’hemoglobine reduite aux 3 g existant normalcmcnt au niveau 
des capillaires. Pour qu’unc telle eventualite se produise, il est 
nebessaire, d’apres Lundsgaard et Van Slykc, que le sang veineux 
»shunte)) atteigne une valeur d’environ 38 %. Si le )>s]iunt» est 
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moindre ct si, repetons-lc, aucun autre factcur n’intervient, la cya- 
nose pourra 6tre totalement abscnte. Ainsi s’expliquent les cas de 
tetralogie de Fallot sans cyanose rapportds dans la littdratwc 
(Fleury), L’ absence ou la presence de cyanose ne permettent done 
pas de nier ou d'affirmer rcxistcnce d’un )>shunt!> veino-artdriel. 

II resulte de ces remarques qu’une anomalie qui, d’apres la 
classification de Maud Abbott, devrait fetre acyanotique, pourra 
parfailement presenter de la cyanose et qu’unc autre, rangee par 
cet auteur dans le groupe cyanotique, pourra cn 6tre cxemplc. 


C. Mise en Evidence des »shunts». 

L’aspect cliniqueet le pronostic d’une affection congdnitale 
du coeur dependent essentiellement de I’existence, de la direction el 
de Timportance d’un )>sliunt)> mettant en communication Ics cavitds 
cardiaques. II est par consequent du plus grand intdret dc pouvoir 
mettre en evidence la presence d’un »sbunt» arterio-veineux ou ccllc 
d’un »shunt)> veino-artdricl. 


I. »Shunt») artdrio-veineux. 

On peui supposer, a priori, quo ccriaincs mallornmlions du 
coeur s’ accompagncronl dc la pcnclralion de sang artcricl dans le 
sang veineux. En effet, durant toute la rdvolution . cardiaque, la 
pression est toujours plus elevee dans le coeur gauche que dans Ic 
coeur droit. Par consequent lors dc I’existencc d’une communica- 
tion inlerauriculairc isolee ou d’unc communication intcrvcntricu- 
laire simple ou encore d’une communication aortico-pulmonaire, 
il est a.prdsumer que le sang veineux sera partiellement artdrjalisd. 

L’un de nous, avec P. Govaerts, a montre qu’il etait rclalivc- 
ment aise dc prouver la realitc de ce »shunti>. Si au corn's d’une 
communication interventriculaire,par exemplc, Ic sang du venlricule 
droit est partiellement artdrialisd, il en resulte que sa teneur cn 
acide carbonique est moindre que celle du sang d’un ventricule droit 
normal. La mise en evidence d’une teneur en acide carbonique 
anormalement basse dans le sang du coeur droit permettra done 
d’affirmer I’existence d’un »shunt)> arterio-veineux. La inetliode 
directe pour arriver a ce but consisterait h ponctionner le vontri- 
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cule droit. Biexi que cette technique ait 6te paifois utilisee chez 
rhomme au cours de ces demieres annees, elle parait devoir Tester 
exceptionnelle. L’application du procedd de Plesch permet d’dvaluer 
la teneur en CO 2 du sang du ventricule droit par une mdthode in- 
directe. Supposons, en effet, que nous puissions plohger dans le 
sang de Fartere pulmonaire une tres petite bulle d’air. Un equi- 
libre va s’etablir en quelques instants entre Fatmosphere de la bulle 
et les gaz du sang; a ce moment la pression partielle de COo a 
Finterieur de la bulle sera precisement telle qu’d son contact le sang 
veineux ne perd ni ne gagne d’acide carbonique. Reportee sur 
la courbe de dissociation des bicarbonates sanguins, cette pression 
partielle indiquera combien de volumes pour cent de COo le sang 
renferme. Ce raisonnement est valable si au Ueu d’une bulle on 
considwe un volume gazeux beaucoup plus grand, a condition 
que le contact s’dtablisse avec une grande masse de sang. L’equi- 
libre sera atteint avec une aisance particuliere si, dans le volume 
gazeux mis en contact avec le sang, on a etabli d’avance une pres- 
sion partielle d’acide carbonique voisine de celle que Fon suppose 
exister dans le sang veineux. 

C’est ce que Fon realise dans la methode des »TebreathingS5> de 
Plesch, rendue pratique par Henderson ct Prince. Dans ce pre- 
cede, e'est tout le contenu des voies aeriennes qui joue le r61e de la 
bulle de gaz. Le sujet inhale le contenu d’un sac renfermant de 
Fair melange d’environ 5 % d’acide carbonique. II rejettc ensuite 
dans le sac Fair qui a ete pendant quelques instants au contact des 
capillaires pulmonaires. L’operation est lepetee un certain nombre 
de fois et, ainsi, dans le melange gazeux qui a ete succcssivement 
inhale et expire, la pression partielle du COo devient constante. 
Cet equilifarc est defini par le fait que le sang provenant du coeur 
droit ne perd ni ne gagne plus de COo au contact de Fatmosphere 
reinhalee; a ce moment la pression partielle de ce gaz correspond 
exactement, sur la courbe de dissociation, a la teneur en COg du 
sang veineux oxygene. Par cet artifice, on est pan^enu d faire 

jouer a tout le contenu des voies aeriennes le rdle d’un a^rotono- 
metre. 

L etude d’un grand nombre de sujets temoins nous a montre que 
chez eux le sang veineux de Fartere pulmonaire (sang veineux 
mele) s equilibre avec un melange gazeux renfermant 6.54 % de 
COo en moyenne, ce qui correspond d une pression partielle de 
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45.96 mm de mercure. Cette valeur s’obtient en multipliant le tanx 
d’acide carbonique observe au moment oti I’equilibre est obtenu 
par la pression barometrique du moment diminu6e de la tension de 
vapeur d’eau regnant dans I’arbre pulmonaire (47 mm Hg), 

Chez quatre sujets porteurs d’une communication interventricu- 
laire simple, nous avons trouve que le sang veineux mele s’equili- 
brait avec une pression partielle d’acide carbonique plus faible 
que chez I’individu normal. En effet, ces quatre cas de maladie 
de Roger nous ont fourni des chiffres de 5.55, 5.32, 5.74 et 5.84 ®/p 
de COg soit 39.26, 38.39, 39.54 et 41.95 mm de mercure. C’est le 
resultat que Ton devait prevo'ir si, du fait de la communication 
interventriculaire, le sang veineux est melange a une certaine quan- 
tile de sang arteriel provenant du ventricule gauche. 

L’etude d’un patient porteur d’une communication aortico- 
pulmonaire nous a donne des resultats similaires. Chez ce sujet, 
le sang de I’artere pulmonaire s’equilibrait avec un melange gazeux 
renfermant 5.85 % de COg, ce qui correspondait a une pression 
partielle de 41.24 mm de mercure. 

L’existence d’un »shunt» arterio-veineux dans certaines cardio- 
pathies congenitales est done d^montrable. 

2 . )>Shunt» veino-arteriel. 

II pent exisier des malformations congenitales oil le »s/mnt> sera 
veino-arteriel. 

Une telle eventuality se rencontrera lors de la coexistence d’une 
communication interventriculaire et d’une stenose de I’artere pul- 
monaire. Dans une pareille association, I’obstacle au courant san- 
guin determine par le retrecissement de I’artere pulmonaire, en- 
traine un accroissement considerable de la pression dans le ven- 
tricule droit et determine par la un »shunt)> veino-arteriel. La 
penetration de sang veineux dans le sang arteriel se produira egale- 
ment dans certains cas de naissance anormale de I’aorte: il peut 
arriver que celle-ci chevauche les deux ventricules et receive du 
sang provenant de ces deux cavites. 

Un )>shunt» veino-arteriel peut etre mis en evidence a I’aide de 
certaines techniques que nous allons exposer brievement. 

Les resultats les plus precis sont obtenus en determinant la com- 
position gazometrique des sangs arteriels et veineux. Voici les 
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donnees recueillies chez un de nos patients porteur d ime tetralogie 
de Fallot avec cyanose et leur interpretation. 


Oxygene consomm^ par minute 

Metabolisme 

Air alveolaire 

Capacite du sang en oxygene 

Taux d’oxygene du sang arteriel 

Taux d’oxygene du sang veineux 

Difference arterio-veineuse en oxygene . . 


197 cm^ 

+ 12 

5.28 vol% de COg 
22.53 vol% 

19.17, vol% 

11.51 voF/o 
8.14 vol% 


Insaturation arterielle en oxygene (sang de I’artere femorale): 

22.53 vol.o/o — 19-17 vol.% — 3.36 voh% 
Insaturation veineuse en oxygene: 

22.53 vol % -11.51 vol.% = 11.02 vol.% 
Insaturation capillaire en oxygene; 


3.36 + 11.02 


7.19 vol. % 


Taux d’hdmoglobnie reduite du sang capillaire: 

7.19 X 750 == 5.39 g % 


II s’agit d’un patient n’ayant aucun trouble de Fhematose au 
niveau des poumons et dont Fair alveolaire prescntc une compo- 
sition normale. Or I'insaturation artdriclle en oxygene du sang pre- 
leve dans I'arterc femorale est de 3.36 vol,%; en d’autres termes, 
le sang de I’artere femorale n’cst sature qu’a 85 %, alors que cliez 
I’individu norma! ce taux atteint 90 a 98%. Cette insaturalion 
arterielle ne peut s’expliquer que par la penetration anormalc 
d’une certaine quantite de sang veineux dans I’arbre arteriel. 
L’existence d’un 'ishuntu est ainsi demontrec. 

Ons’est efforce a diverses reprises de determiner d’une fa^on 
approximative I’importance du »shunt)> veino-arteriel (Lundsgaard 
et Van Slyke, Dautrebande, Marschall et Meakins, Segall, Richards, 
Cossio et Berconsky). La formula la plus simple permettant d’ob- 
tenir ce »shunt» est due a Lundsgaaid ct Van Slyke; elle s’exprimc 
de la fa?on suivante: 


A— IT 
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Dans celle formule: 
a — »shunt» veino arLericl 

T = taux d’hemoglobine lolale du sang (c’est h diic la capacite 
multipliec par 750 millig.) 

A = taux d’liemoglobinc riiduite du sang arieriel (c’est ^ dire 
I’insaluration arleriellc on oxygene multiplite par 750 millig.) 
V = taux d’h^moglobine r^duitc du sang vcincux (c’est a dire 
1 ’insaturation veincuse en oxj'genc multiplide par 750 millig,). 
I = fraction de I’lidmoglobine totalc passant sous forme reduite au 
niveau du pouinon (chez Ic patient presentant une hdmatose 
pulmonairc normale, la moyenne dc sa valeur est de 0.05). 

Appliquee a notre maladc, cettc formule nous a dcnnelesresul- 
lals suivanls: 

2.52- (0.05 X 16.90) 

n = i L = n oa 

8,26— (0.05 X 16.90) 

En d’autres termes 23 % du sang vcincux passent dans le coeur 
gauche sans traverser Ics poumons. 

Chez noire malade, la difference arterio-veineusc en oxygene 
atteint 8.14 voL%, traduisant ainsi \inc desaturation excessive 
du sang au niveau dcs capillaires. Cette desaturation est en rap- 
port avee le ralentisscment circulatoire consecutif a la polyglobulie 
et selon toute vraiseinblance a un certain degre d’insuffisance car- 
diaque. La cyanose dc cettc malade a par consequent une origine 
mixte. Le i)shunt», a lui soul, scrait insuffisant pour la determiner. 

Nous donnons, ci-apres, les resultats obtenus par les mdmes 
techniques chez un patient porteur d’unc cardiopathie congenitale 
complexc: dilatation dc I’arterc pulmonaire, petite aorte, hyper- 
trophic du coeur droit, communication interauriculaire, communi- 
cation interventriculaire. (Lequime, Van Heersv'ynghels et Her- 


lant): 

Oxygene consomme par minute 218 cm^ 

Metabolisme 17 

Air alveolairc 5.13 vol.% de COo 

Capacite du sang en oxygene 31.80 voL% 

Taux d'oxygene du sang arteriel 23.40 vol.% 

Taux d’oxygene du sang veineux 11.86 vol.% 


Difference arterio-veineuse en oxygene .. 11.54 vol.% 
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Insaturation arterielle en oxygene (sang de I’artere femorale): 
31.8 vol.% — 23.40 vol.% = 8.40 vol.% 

Insatiiration veineuse en oxygene: 

,31.8 vol.% — 11.86 vol.% = 19.94 vol.% 

Insaturation capillaire en oxygene: 


19.9 1 + 8.40 
2 


14.17 vol. % 


Taux d’hemoglobine reduite du sang capillaire: 

14.17 X 750 = 10.63 g% 

Le sang arteriel preleve au niv^eau de I’arterc femorale prescnte 
line insaturation en oxygene de 8.40 vol.%; en d’aulrcs termes, ce 
sang n’est sature qu’a 74 %. Etant donne qu’il n’existe chez cettc 
malade aucun trouble de I’liematosc, I’insaturation resulte neces- 
saireinent de la penetration dans le coeur gauche d’nne ccrtaine 
quantite de sang vcineux. 

La formule de Lundsgaard et Van Slyke, appliquce a cc cas, 
donne les resultats suivants: 


630— (0.05 X 23.85) 
14.95— (0.05 X 23.85) 


II existe par consequent chez ce patient un »shunt» veino-arte- 
riel atteignant 37 %. 

Au cours de ces demiercs annees, on a propose d’appliquer les 
methodes de dMermination de la vitessc circulatoire a la misc en 
evidence d’un »shunt)> veino-arl4ricl (Pijoan ct Berard, Mac Guire 
et Goldman, Lian). Le cyanurc de sodium et les substances sapides 
ont ete utilis^es. En presence d’un temps circulatoire tres forte- 
ment raccourci, on est en droit de penscr h rexistence d’lm »shunt» 
veino-arteriel. 

Un temps circulatoire normal n’exclut pas necessairement, 
cepcndant, I’existence d’un »shunt)> vcino-artericl. II pout arrlvcr 
en effet que ce dernier existe, mais soit Irop laiblc pour perniettre & 
la substance utilisee de parvenir avec une concentration suffisante 
au niveau du sinus carotidien ou au niveau de la languc, D ’autre 
part, le raccourcissement dh 5 un ^shunts important pourra 6lre 
eventucllement masque par une stasc peripherique accentuce. 
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Nous sommes par consequent en possession de methodcs precises 
permettant la mise en evidence des »shunts)> artdrio-veineux et 
veino-arteriel. 


D. Classification des cardiopathies congenitales. 

Nous avons rappele precedemment que I’aspcct clinique et Ic 
pronostic d’unc cardiopalliie congenitalc etaient cssenticllement 
domines par rcxistence, la direction et Timportance d’un DshuntD 
mettant en communication les cavites cardiaques. C’est ainsi par 
excmple que des patients ayant un »shunt» arterio-veineux ne pre- 
sentcront pas en principe dc trouble de I’liemalose et tolereront leur 
cardiopatJiie d’une maniere satisfaisante. 

L’application des techniques dc determination des Dshuntso per- 
met d’etablir une classification des cardiopathies congdnitales du 
coeur rendant parfailement compte des aspects physiopathologiques 
presentes par cos anomah'es. 

V Cardiopalhics congcnilales nc s'accompagnani pas d’m uhiinU 
.mire les sysiemes arleriels el veineux. 

Dextrocardie. 

Diverticule du pericarde. 

Anomalies de I’arc aortique. 

Stenoses aortiques 

Coarctation de I’aortc. 

Stenoses de I’artere pulmonairc. 

Dilatation primitive de I’artere pulmonaire sans malformation 
septale 

Affections plus rares: ectopie cardiaque, aplasic pericardique, 
hypertropliie congenitalc idiopathique, anomalies des valvules 
auriculo-vcntriculaires et semi-lunaires, transposition totale des 


malformation complexc bicn mdlvidualis€c & la suite des travaux de 
Laubry et dc ses collaborateurs; ellc cst caract6risdc par une dilatation tris im- 
portantc dc I’arttrc pulmonairc, unc hypoplasic dc I'aorte et un ddveloppenient 
considerable du coeur droit. Cette cardiopatliie congdnitale s’accoinpagne 
souvent d’unc communication interauriculaire (Laubry et Routier), plus .fare 
ment d'une communication intcrventriculaire (Lequime, Van HecrswjTighels, 
et Herlant). La coexistence d’unc malformation septale ddtcnninc I'apparition 
d’un »shunt» qui cst veino-artdricl par suite de I’hypcrtropbie considerable 
de la musculature du coeur droit. 
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gros vaisseaux, anomalies des arteres coronaires ou des veincs pul- 
monaires, acardie. 

2° Cardiopathies congeniiales s’accompagnant d’un »slnint» cnirc 
ks sgstcmes arlcricl el veincux. 

a) ))S/iun/» arlerio-vcincux. 

Communication interventriculaire 

Persistance du canal arteriel 

Communication inteiauriculaire simple (persistance du trou de 
Botal) 

Affections plus rares: anevrysme congenital du sinus de Val- 
salva avec anomalie du septum aovtiquc, transposition des gros 
vaisseaux avec defaut du septum interventriculaire. 

b) i>ShunU vcino-arieriel. 

Tetralogie de Fallot. 

Complexe d’Eisenmengcr. 

Dilatation primitive de I’artere pulmonaire avec malformation 
septale. 

Affections plus rates: coeur biventriculaire triloculaire, coeur 
biauriculaire triloculaire, coeur biloculaire. 

E. Conclusions. 

La classification des maladies congeniiales du coeur, proposee 
par Maud Abbott, a ete adoptee par la tres grande majorite des 
auteurs. Elle est essentiellement basec sur la presence ou I’abscnce 
de cyanose dans Ics diverses malformations. 

Une telle classification est loin dc riipondre a la generalite des 
fails observes. La cyanose est en cffet un phenomene dont I’origine 
est souvent complexe; elle n’est pas ndccssairemcnt liec 5 1 ’existcncc’ 
d’lme anomalie cardiaque dcfinie. 

' Cette malformation nc domic lieu a aucunc symptoinalologie cliniquc et 
constiluc une trouvaille d’autopsic; aucuii document gazometrique n’a done 
pu 6tre recucilli, II est cependaiit h prdsumcr qu'unc telle cnrdiopatliio s'accom- 
pagne d un »sliunt» artdrio-veineux, pour autant que la communication soit 
fonctionnelle. Lcs cmbolies crois6cs, parlois signaldcs dans Ics pcrsistances du 
trou de Botal, ne pcuvenl dvidemment s’expliquer quo par un renvcrsenicnt 
temporaire de la direction du »sluint*. II convient d’aillcurs d’iusistcr sur le 
fait que ccs cmbolies croisdes sont infinimciU plus rares qu'on ne ]e dit classi- 
quement. Leur diagnostic doit toujours s'acconipagiier dc grandes rdserves. 
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Le tableau clinique d’une cardiopathie congenitale est domine 
par I’existence, la direction et Timportance d’un Dshunt# mettant 
en communication les cavites cardiaques. II nous parait done 
primordial de pouvoir mettre en evidence la presence d’un »shunti> 
et d’en preciser la direction et Timportance. 

Lors d’un »shunt)> arterio-veineux, le sang du coeur droit est par- 
tiellement arterialise. Dans ces conditions, si Ton fait fdire au pati- 
ent des )>rebreathings» a partit d’un melange d’air et d’acide carboni- 
que, on voit que le sang veineux de I’artere pulmonaire s’equilibrc 
avec une pression partieUe d’acide carbonique plus faible que chez 
I’individu normal. 

La mise en evidence d’un sshunts veino-arteriel peutfilrerea- 
lisee par I’etude de la composition en oxygene des sangs arteriel et 
veineux, En I’absence de modifications de I’hematose pulmonaire, 
I’existence d’une insaturation en oxygene du sang arteriel depas- 
sant les chiffres normaux, demontre la penetration d’une certaine 
quantite de sang veineux dans le systeme arteriel, Une formula 
due k Lundsgaard et Van Slyke permet de determiner d’unc fa^on 
approximative I’importance de ce »shunt» veinoarteriel. 

Un raccourcissement notable de la vitesse circulatoire est ega- 
lement un argument interessant en faveur de I’existence d'un 
tel »shunt». 

La connaissance precise de ces notions de »shunt» arterio-vei- 
neux et de sshunt)) veino-arteriel permet une classification ration- 
nelle des cardiopathies congenitales. Celle-ci s’etablira de la fa^on 
suivante: 

1° Cardiopathies congenitales ne s’accompagnant pas de »shunt9 
entre les syst ernes arteriel et veineux. 

2° Cardiopathies congenitales s’accompagnant d’un ssliunt* 
entre les syst toes arteriel et veineux. 

a) »Shunt» arterio-veineux 

b) »Shunt)> veino-arteriel. 
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REVUE DES LIVRES. 

Esben Kirk, Klinik und Behandlung der Azidose mit isotonischer 
Natriumbikarbonatlosung. Fiir praktische Arzte imd Kran- 
kenhausarzte. Price: Dan. Kr. 18; — . Einar Munksgaard, 
Copenhagen. Johann Anabrosius Barth, Leipzig. 1944. 

In recent times the acidosis-alkalosis problem has attracted 
considerable interest -within Scandina-vdan medical circles. Thus 
it -was the main topic at the combined annual meeting of Swedish 
internists and surgeons in the autumn of 1943. One of the pioneers 
of the alkali therapy in Scandina-via is the author of this work, 
who was probably the first in this part of the world to begin a sys- 
tematic treatment of the acidotic condition -with isotonic sodium 
bicarbonate on American lines. 

Thus, the author has special qualifications for his work, which 
— in a Danish edition — has pre-viously been highly appreciated 
by his Scandinavian colleagues. Wlien he no-w addresses an inter- 
national circle of readers in a German edition, it is -with full justi- 
fication. Probably there exists no concise and clear survey of rele- 
vant questions comparable -with the present survey by Kirk. The 
author addresses himself to practising doctors and to hospital 
doctors. In the first place, however, it is probably a question of a 
treatment which falls to the lot of the hospital doctor. The pre- 
sentation is so attractive, however, and deals -with such impor- 
tant questions, that the practising doctor also should find it pro- 
fitable, even though it -will perhaps be only in exceptional cases 
that he -will need to put the information in the book to practical 
use. In an introductory chapter the author gives a brief historical 
survey of the treatment of acidosis with alkalis, -which covers a 
period of about 100 years. Wliat is presented here in concise form 
is later dealt -with more in detail under the special chapter-headings, 
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a procedure 'Which has the advantage of affording a good survey 
and giving concreteness to the presentation. 

The autlior is a zealous champion of tlie isotonic sodium bicar- 
bonate therapy and ^vith every justification, as excellent results 
can be shoA\Ti. However, he is very moderate, and the presentation 
is characterized by critical clearness throughout, as for instance in 
the description of the treatment of diabetic coma. In this connec- 
tion the author utters a warning against an all too unrestricted 
use of sodium bicarbonate, o-w^ing to the risk of alkalosis; and he 
points out the decisive importune of insulin for a good result. At 
the same time he is not afraid to state definitely, for instance, that 
in severe cases up to 2 litres of sodium bicarbonate can be given 
without risk. Even if his scheme of treatment for diabetes coma 
must be taken rather as an example of a ])rocedure, w'hich must 
be modified all according to the nature of the case, than as a hard 
and fast treatment, it is instructive and, used intelligent^, should 
be of great use. 

The w'ork is illustrated by a number of -well chosen morbid 
histories, -which increases the value of the book. The last chapter 
on the technique in the determination of the bicarbonate content 
of the plasma must be considered superfluous in this book, ^^^lere 
this investigation can be carried out, detailed description of Van 
Slyke’s method is already available. Some small details show that 
the Avork is a translation, in that mention is made of conditions 
prevailing in Denmark which do not exist out.side a small circle. 
This wall certainly be corrected in a new English edition, which 
may be expected within the near future. 


Sixlcn Kallncr. 
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Studies on the influence of magnetism on the 
oxygen absorption in man. 

By 

KAREN MARIE HANSEN. 

Copenhagen. 

(Subinitlcd tor publicnlion February M, 1011). 


In a previous paper (Acta med. Scandinav., 97: SH, 1038) I have 
discussed Uic presumably sooUiing and sedalive eirccl of mag- 
netism in acute inflammatory conditions and in chronic joint lesions. 
In the latter cases the soothing effect was probably the n\ore iiu- 
portant.cven though the results were found subsequently to last a 
considerable length of lime. The cessation of pain is valid as a 
proof, however, only to him who has the ])ain, and it takes many 
testimonies to make the scrs'iceahility of the remedy convincing 
in general. No single pli)'siuan would he able to collect such a 
material. I have tried, therefore, in some other way to prove 
objectively whether magnetism has any dcmonslrahlc effccl on 
the animal organism — in casu, man. 

A priori, only hvo facts suggest thcnuselvcs for this purpose, 
namely, the capacity of magnetism for action on iron and the iron 
content of the human organism. 'Hie action of magneli.sm on iron 
being an atomic effect, the form of the iron in the organism should 
make no difference. Considering the function of Ibe iron in the 
body, the question arises whether it might not be praclicable to 
establish some difference in the oxygen absorption with or without 
e.xposure of the body to the action of a strong magnet. It was this 
idea that led to tlie cxperimenLs which will be described in the 
JS — Acta med. scandinav. Vol. CXVIII- 
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following ~ even though any direct influence of the magnetism 
upon the oxygen absorption appears improbable. 

The experiments were carried out in the Medical Department 
B of the Rigshospital, Copenhagen, and the experimental tech- 
nique has been the regimen adopted by the hospital for the usual 
clinical determination of the rate of metabolism. Tlie experimen- 
tal conditions were far from ideal, but for practical reasons it was 
not possible to realize some planned improvements. The room in 
which the tests take place is next to a corridor the floor of which 
is covered with linotol which by no means is sound-muffling, and 
the possibility of traffic and noise in this corridor while determi- 
nation of the metabolism is going on is continually present — 
occurring often indeed. As there is only one room for this examina- 
tion, up to 5 persons may be lying here at the same time. The dis- 
turbing influence of this condition is cut down somewhat by the 
continuous presence of a watch, also during the resting period, but 
it cannot be completely avoided that restlessness of one patient is 
transmitted to the others. It is further necessary to wheel the 
metabolism apparatus from one patient to another — which also 
involves some noise. As many determinations are carried out 
almost daily and as the assistants change rather often it is not to 
be Avondered at if errors in the care of the apparatus happen rather 
frequently. 

Nevertheless the experiments were taken up under the present 
conditions because the possible disturbing influences might be 
expected to appear as accidental and thus not efface the evidence 
of a sufficiently strong systematic factor if any such would turn 
up, or at any rate not give rise to such a factor — even though 
these disturbances may be assumed to blur the picture somewhat. 

Tlie metabolism apparatus here employed is Krogh’s spiro- 
meter (Wien klin. Wchnschr. 35: 290, 1922). This apparatus 
Avas not manufactured in Krogh’s workshop, however, and the 
valves which fit but loosely in the sockets and have to be put in 
place at each test appear less reliable than the ones furnished by 
Krogh’s workshop. Instead of Avater, mineral oil AVas used in the 
apparatus. The periods were determined by means of a stop 
watch. The percentages of metabolism are calculated after the 
Benedict-Harris standard. Patients staying in the above-mentioned 
department were the experimental subjects, and no selection of 
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the subjects Yv^as made. They were all used for the experiments or 
for control in the order in which they were sent from the depart- 
ment to the' metabolism room for the clinical examination within 
the given period. Only for a short period were the patients Sent to 
the metabolism room for the sake of this experiment; and among 
these patients, too, no selection was made — they were taken in 
the order in which they came. 

The patients had not been placed on any particular diet prior 
to the experiment, and they were all fasting since their preceding 
supper. Tliey were all wheeled in their beds to the metabolism 
room, Yvhere they stayed in bed during the experiment and also 
through the preliminaiy resting period, wiiich lasted for at least 
half an hour. 

In the following tlie term ^experimental subjectsi> means per- 
sons exposed to magnetism during the determination of the rate 
of metabolism, the current being connected with an electromagnet 
standing alongside, Yvith one pole fairly perpendicular on the skin, 
but at a certain distance from the skin. »Controls» means persons 
going through the same procedure of determination of metabolism 
but Yvithout exposure to the magnetism. 

One of the electromagnets mentioned in the previous paper Yvas 
placed at the head of the bed, at the commencement of the resting 
period, alongside the head of the controls as yvcII as the experi- 
mental subjects. In the case of experimental subjects care was 
taken to place the surface of the pole about 3 cm from the head 
of the subject (left parietal or temporal bone). The magnet was 
placed in this location merely because this was found to be the most 
practical, and some prelindnary experiments had not shown that it 
made any difference which part of the body was directly exposed 
to the magnet. Tlic south pole of the magnet Yvas employed in 
every instance. 

In the first series of the experiments the magnet was not set 
up for the controls, but this made no difference in the outcome as 
compared to the three subsequent series of controls. As only three 
magnets were employed, it became ' necessary Yvhen more than 
three patients were placed in the room to move the magnet after 
completion of the first experiment, over to the next subject; but 
the second experiment was not performed till the magnet had 
been standing for at least half an hour alongside the subject. 
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The heads of the beds were turned in the same direction and 
the electrical smtches with which the magnets were connected 
were situated on the wall back of the heads of the beds, so that the 
patients could not see them; and we took care that the patients 
did not hear when we connected the current wth the magnets. 

For all the patients, experimental subjects as well as controls, 
the procedure now was as follows; The subjects were directed to 
breath in the spirometer, and when 8 minutes had gone in this 
way the time was marked on the drum by lifting the witer for a 
moment; simultaneously, another person connected the current 
with the electromagnet of the experimental subjects, while all the 
patients — experimental subjects and controls — kept breathing 
in the spirometer for additional 5 minutes. 

After the end of the experiment each spirometer tracing was 
treated as two curves, the first covering 8 minutes, the second 5 
minutes. 

•The idea of the experiment was then to see whether there 
might be any noticeable difference between the absorption of oxy- 
gen per minute in the first and second parts of the curve, and 
whether the experimental subjects presented some difference in 
this respect that could not be found in the curves for the controls. 

A total of 208 patients were used as experimental subjects and 
controls. Of this total, 115 showed a standard metabolism of 110 % 
or less, while 93 had a standard metabolism over 110 %. 

Altogether 559 metabolism curves were obtained for the exper- 
imental subjects and controls. Of this total, 264 were experimen- 
tal curves, 132 of which showed a standard metabolism of 110 % 
or less and 132 showed a standard metabolism exceeding 110 %. 

Of the total 295 control curves, 130 showed a metabolism of 
110 % or less, while 165 showed a metabolism over 110 %. 

Some of the patients served both as experimental subjects 
and controls while others were employed only as one or the other. 
Among the patients presenting a considerable increase in the 
standard metabolism, exophthalmic-goiter was the most frequent 
disease; a few of these patients had leukemia, and one was suf- 
fering from cancer. 

For some of the exophthalmic-goiter patients curves of , the 
standard metabolism were obtained also after thyroidectomy; 
and hence these patients are recorded both under curves showing 
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increase in metabolism and under curves xviUi no increase m the 
metabolism. Somelbing similar applies also to some other pati- 
ents but as a rule they v'crc individuals showing a rate of meta- 
bolism round the upper normal limit and thus happening some- 
times to reach a fexv per cent over this level, sometimes to fall a 


little lower. 

The experimental subjects or controls Avho showed a standard 
metabolism under HO % were not infrequently diagnosed as 
mjocoedematous; but otherrvise they were sorts of patients such a.s 
are encountered in a medical department among those in whom 
it may be desirable to determine the rate of metabolism. The 
age of the patients varied between 15 and SO years, but only one 
patient belonged to the agc-cla.ss of 70—80 years, being 77 yeans 
old. 

Wien no further details arc given about these patients, it is 
because the material is not large enough by a detailed description 
of the individual subjects to throw any additional light on the 
question Iicrc concerned. 

Of the curves ohlaincd, licrc I have talvcn into account all 
those in which a straight line could he drawn through the exjiira- 
tory apices for a reasonable length of the curve after the curve had 
started in a certain direction. Far from all the curves were ide.al; 
still it would seem rather objectionable to be all too .strict in one’s 
requirements concerning the fonn of tlie curves if we were to 
obsen^e the general impression desired, as (he faculty of obtaining 
heautifii] curves appears to lie somcllu'ng individual. 

As mentioned, cacli curv'c was treated like two eurv’es, covering 
respectively a period of S and 5 minutes. Tlic oxygon consumed 
in the latter period in cm^per min. was .suhlraclcd from the oxygen 
absorbed in the first period, and the difference was c.xjirossod in 
percentage of the anrount consumed in the first period (Tables 
1 and 2). With a view to the error in the drawing of the line, whicJi 
was always done liy tlie same person however, a difference of iihis 
or minus 2 % is reckoned as 0. 


The results arc recorded in d series, wldch were, limited merely 
by accidental discontinuance of the c.xaminaiions, 

A priori it was to be expected tliat several of the curx’es wouhi 
keep about the same direction through all 13 mimiles. Other 
were expected to show an increase in the oxygen consumption in 
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Table 1, 


Persons with Standard Metabolism Equal to or Less than 110 %. Difference 
in Oxqqen Absorption between the First and Last Parts of the Curnc. 
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Table 2. 


Persons with Standard Metabolism Greater than 110 %. Difference in Oxygen 
Absorn/inri between the Phsl and Last Parts of the Curve. 
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Table 3. 

Persons ^inndard MetaboUsm ^ HO ± 



Autumn 

Unchanged 14 = 
Lowered 15 = 

Increased 13 = 
December 
Unchanged 3 = 

Lowered 13 = 

Increased 3 == 

February 
Unchanged 6 = 

Lowered 3 = 

Increased 3 = 

Spring 

Unchanged 16 = 
Lowered 

Unchanged 39 

Lowered 52 

Increased 39 



Autumn 

Unchanged 13 = 

Lowered 2 = 

Increased 19 = 

December 
Unchanged 5 = 

Lowered 6 = 

Increased 3 = 

February 
Unchanged 8 = 

Lowered 16 ■= 

Increased 16 = 


1942 ; 34 curves I 
38 % 


Unchanged 43 
Lowered 31 

Increased 58 



I 

latter part of the cu^e - 

“is;— — "5 

s: 1"- la 

Sr;-? eah^eeta aah for ^ 
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Table 4-. 

Persons with Standard Melaholism > JIO %. 


Controls 

Experiment subjects 

Autumn 1342; 52 curves 

Unchanged 17 = 33 % 

Lowered ’ 1C = 31 % 

Increased 19 = 36 % 

December 1942: 37 curves 

Unchanged 8 = 22 % 

Lowered 11 — 30 % 

Increased 18 = -IS % 

Februartj 1943: 10 curves 

Unchanged 5 ~ 31 % 

Lowered 7 — d-l % 

Increased 4 = 25 % 

Spring 1943: GO curves 

Unchanged 27 = 45 % 

Lowered 15 = 25 % 

Increased 18 == 30 % 

Aiiliimn 1942: 33 curves 

Unchanged 14 = 42 % 

Lowered 15 — 45 % 

Increased 4 = 13 % 

December 1912: 14 curves 

Unchanged 4 = 29 % 

Lowered 4 — 29 % 

Increased 0 == 42 % 

Februanj 1943: 32 curves 
Unchanged 11 — 34 % 

Lowered 11 = 34 % 

Increased 10 = 32 % 

Spring 1943: 53 curves 
Unchanged 24 — 45 % 

Lowered 20 = 38 % 

Increa.sed 9 = 17 % 

Total: 105 curves 

Unchanged 57 = 34 % 

Lowered 49 == 30 % 

Increased 59 30 % 

Total: 132 curves 

Unchanged 53 = 40 % 

Lowered 50 = 38 % 

Increased 29 — 22 % 


whether the last 5 min. of the determination of the melaholi.sm 
showed an unchanged, increa.sed or lowered oxygen nli.sorption. 
For the estimation of a po.ssihlc difference in the group.s, llic num- 
ber of cun'cs in cacli group is first counted and calculated in per- 
centage of the total number, and the percentages obtained for 
the experimental subjects arc compared Yvilh those obtained for 
the controls. The results of this arc recorded in Tables Sand 4, the 
total number of curves from all 4 examination periods being re- 
corded at the bottom of the tables. 

Considering first the resuUs obtained fronr all the individuals 
with a rate of metabolism equal to or lower Uian 110 % ('liable 3), 
It will be noticed that ro.spectively 33 % and 30 % showed no 
difference in the ox>D<cn consumption during the first and last part 
of the examination. Turning to the individuals shoYving a rise or 
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fall in the oxygen consumption, on the other hand, we find a dif- 
ference in the two groups. Tlie controls show a decrease in the 
oxygen consumption in 40 % of the curves, and an increased oxy- 
gen consumption in 30 % of the curves, whereas the experimental 
subjects show a decrease in the oxygen consumption in 23 %, 
and a rise in 44 %. A similar difference is found for the curves 
obtained in the individual periods if only the number of experi- 
ments is fairly large. 

The difference presented by these two groups may be summed 
up as follows; the curves representing exposure to magnetism 
show a greater percentage of subjects with increased oxygen 
absorption in the last 5 min. of the experiment than do the curves 
representing the controls, and also a smaller number with a de- 
crease in the oxygen absorption in the same periods. 

Turning then to experiments on persons with a standard meta- 
bolism over 110 % — in particular the totals recorded at the bottom 
of Table 4 — we find for the controls an almost equal percental 
distribution of the cases over unchanged, lowered and increased 
oxygen absorption, even though the number of curves with lowered 
oxygen absorption is smaller than the other two categoriesj and 
the same result is obtained for the individual examination periods 
provided they include a fair number of cases. 

As to the curves for the experimental subjects in Table 4, the 
numbers of curves with unchanged and decreased oxygen absorp- 
tion are almost equal percentally, whereas the number of curves 
with increased oxygen absorption is considerably lower; and the 
same is found for two of the individual examination periods. 

In this group of individuals, then, we find the difference to be 
as follows: the percental frequency of a decreased oxygen ab- 
sorption is higher for the experimental subjects than for the con- 
trols, whereas the frequency of a rise in the oxygen absorption is 
low'er in the experimental subjects. 

On comparison of the groups with increased metabolism with 
those showing a normal or subnormal metabolism, it will be noticed 
that the differences between the experimental subjects and the con- 
trols go in opposite directions. The groups with a normal rate of 
m.etabolism show a tendency to an increase in the oxygen absorp- 
tion when the electromagnet is active, whereas the persons with 
increased metabolism show a tendency to a fall in the oxygen ab 
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Fig. 3. Percental distribution of the numbers of curves showing an increased 
oxygen consumption in the latter part of the curve at the various rates of 

metabolism. 


Tlie cause of these differences will not be discussed here in detail. 
It seems only natural, however, that the nervous exophthalmic- 
goiter patients more readily become restless under the determina- 
tion of the metabolism than do the less nervous individuals with 
a normal rate of metabolism. On the other hand, it seems strange 
that the same docs not hold true when the magnet is in function. 

The curves in Figs. 1, 2 and 3, corresponding to Table 5, illus- 
trate the distribution of the percental numbers of the control and 
experimental curves at the different levels of the rate of metabo- 
lism. In Figs. 2 and 3 it will be noticed that the curves in Which 
»something happens)) are groups mostly round the extreme rates 
of metabolism, whereas the numbers with plus or minus for the 
oxygen absorption become alike towards the transition between 
normal and pathological. So, the result obtained by these exam- 
inations should depend on the starting material, i. e. on the stan- 
dard metabolism of the person examined. 

If, for instance, a material had been selected in which the 
standard metabolism fell about at the level where the numbers 
of experimental and control curves cross each other — i. e. at tlie 
level where the same number of each kind shows a rise or a fall in 
the oxygen consumption — the result would show that nothing 
took place under the influence of the magnet, and the whole thing 
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Table 5. 


A''o. of Curves within 
Vnehanged, Lowered 


the Various Rales of Standard Metabolism with, rcspcctivchj, 
and Increased Oxygen Absorption in the Latter Part of the 
Curve. 
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would not involve any problem. Now, however, with the actual 
examinations as here presented, we still have to investigate whetlier 
the observed differences are real or merely accidental. 

It would not seem reasonable to base this investigation merely 
on the number of curves of the various categories. To me it seems 
more rational also to take into account the magnitude of the oxygen 
consumption found for each cunm — the more so as »unchanged» 
really very well may signify a positive or definite change in the 
result. If, for instance, we imagine that the magnet actually exerts 
some influence in this respect, so that a given re.sult without the 
magnet, say, woidd liave been an increase in oxygen consumption, 
while with the magnet the resiUt turned out as an unchanged 
oxygen absorption, the »unchangcd» result actually means a change. 
The figures for the magnitude of the clianges in the metabolism 
0 served in the individual curves are recorded in Tables 1 and 2. 
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Tliis material was presented Lefore Mr. Helge Petersen Direc- 
tor of the. Danish Meteorological Institute, Copenhagen, who has 
been kind enough to appraise this material statistically as 
follows: 

The present numerical material is conceived in this way, that 
when a metabolism curve is divided into two parts, the first and 
the last part, and w'hen the rate of the metabolism is measured 
for the two parts separately, we may assume that as far as regards 
a large number of )>equal» individuals the possible changes in the 
metabolism from the first part of the curve to the Igst part will be 
distributed approximately »normally» round an average value, 
which is characteristic of the »equah> individuals concerned. If this 
change in the rate of metabolism from the beginning to the end 
of the curve may be determined with a sufficiently small mean 
error, it will be possible to demonstrate Avhether some influence 
acting on the individuals during the tracing of the latter part of 
the curve has brought about a change in the metabolic rate other 
than that which may occur in the absence of the influence men- 
tioned, namely: if the mean errors for the two changes are essen- 
tiall}’- smaller than the difference between the numerical values for 
the tw’O changes. For in that case the mean error of the difference 
will also be essentially smaller than the difference itself. 

The material consists of four experimental series, each of which 
comprising one set of metabolism curves without any influence of 
foreign factors (designated as »untreated)>) and one set of curves 
(designated as )>treated»), during the latter part of which the indi- 
viduals were exposed to the influence of another factor. For 
each set of curves we calculate the average value (M) of the changes 
(differences) in the oxygen consumption from the first to the last 
part of the curve. 

Owing to the rather wide dispersion of the figures in propor- 
tion to the number of measurments, we lump the figures in groups 
of four units. Assuming change» to cover the changes within the 
interval from 4-2 to — 2 (uncertainty of measuring), we lump the 
changes 3, 4, 5 and 6 into one group, to which we assign the average 
change of 4.5; and 7, 8, 9 and 10 are lumped into the group of 8.5, 
and so on. The material may then be recorded as shown in Table 6. 

* I wish to acknowledge iny indebtedness to Director Holgc Petersen for the 
following statistical treatment and appraisal of my numerical material. 
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Table 6. 

Slaiislical Treatment of the Material. 


j Untreated 

Treated 

Metabolism 

Metabolism 

Metabolism 

^fetabolism 

^110 

> 110 

^110 

> 110 


Autumn 1942. 


M Cases 

jr Cases 

M Cases 

M Cases 

—0.7 ± 1.1 (42) 


±4.2 ± 1.0 (34) 

—3.4 ± 1.3 (33) 


December 1942. 


—0.6 ±1.5 (24) 

±1.3 ± 1.6 (37) 


— 1.1 ± 3 (14) 


February 1943. 


—2.6 ± 1.5 (17) 

—0.7 ± 1.5 (16) 

±1.4 ± 1.3 (40) 

—1.9 ± 1.4 (32) 


Spring 1943. 


—1.1 ±1.0 (47) 

±0.4 ± 0.9 (60) 

±1.4 ± 1.2 (50) 

—1.5 ± 0.8 (53) 


In Table 6 tlie mean error is too large to allow of any definite 
numerical values being established for M. Still, it is quite conspic- 
uous that a change of signs takes place from i)untreated» to Dtreat- 
ed», and that this change of signs for individuals with a metabol- 
ism of <110 is the opposite of the change of signs for indmduals 
vith a metabolism of >110. 

Table 7. 


Slaiislical Trralmenl of the Material. 


Untreated 

Treated 

Jletabolism 

?110 

Metabolism 

> 110 

Metabolism 
^ 110 

Metabolism 

>110 

Cases 

—1.1 ± 0.6 (130) 

Cases 

±0.7 ± 0.6 (165) 

Cases 

±2.3 ± 0.7 (132) 

Cases 

—2.1 ± 0.7 (132) 


The values obtained for M differ in each category generally so 
little that it may be reasonable to lump all four series into one 
group in order to try to determine M with greater certaint}'. 
The result is given in Table 7. 

Corresponding to the increased number of observations the 
mean error has now become so small that the values recorded 
19 ■— Ada med scandinav. Vol. CXVJII. 
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for M may be taken %vitli some probability as approximale 
measures for the average change in the oxygen consumption from 
the first to the last part of the curves. It seems unquestionable that 
this change -goes in the opposite direction for individuals with a 
metabolic rate under, respectively over, 110 % and for »treated», 
respectively »untreated» individuals. 

Calculating the differences for streatedo minus »untreatedi>, 
we have; 

Metabolism Metabolism 

^110 >110 
+ 3.4 ± 0.9 —2.8 ± 0.9 

where the changes during the treatment make their appearance. 
\vith a mean error of 25 — 30 % only. 

The difference between the effects of the treatment of indi- 
viduals with a metabolic rate of ^110 % and of individuals with 
a metabolic rate of > 110 % is found to be 

-f- 6.2 -f- 1.3. 

Besides the above-mentioned four experimental series, there 
are three additional series of experiments in which scontrolso are 
lacking, i, c., series in which no determination of metabolism 
was carried out on corresponding »untreated» patients. The results 
obtained in these scries were as follows; 

A. 22 fasting individuals, given a preliminary diet, showed an 
average increase in the rate of metabolism during the 
treatment, amounting to M — -j- 6.3 ± 1.1. 

B. 12 fasting individuals showed on an average M = +4.6 
dr 1.5. 

C. 20 experiments on one person, fasting, gave M = +1.8 

dr 0.6. 

All the individuals in these three series had a rate of metabol- 
ism of 110 % or less. 

These experiments give qualitatively the same result as the 
above-mentioned series. But it is a strildng fact that they all 
show a considerably smaller relative mean error than do the mam 
experiments. This may conceivably be due to a greater mijomilg 
of the experimental material in these series (preliminary diet, 
one person). This may perhaps suggest that the uncertainty 
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in the main experiments in part is' associated with a certain degree 
of heterogeneity in the patient material. 

(Signed Helge Petersen.) 

^^^len, in conclusion, we are to discuss whether magnetism has 
proved to have any influence on the oxygen absorption in man, 
it has to be established primarily that a systematic influence on 
this process was observed with a rather high degree of probability, 
and that this probability — as shown by the figures — is further 
supported by the fact that the effect on the two categories of 
metabolism (increased and non-increased) goes' in opposite direc- 
tions — even in this surprising manner, that the oxygen absorption 
has a tendency to fall in the nervous exophthalmic-goiter patients, 
whereas it increases in the snormah) subjects. Generally an extra- 
neous factor may be expected to be able only to increase the metab- 
olism, and it would seem reasonable if this effect turned out to 
be strongest in the most nervous individuals — as was observed 
indeed in the control curves obtained from the patients in whom 
tlie rate of metabolism was increased. 

Tlie question then arises: Will it be reasonable to assume that 
this probable effect is due to the magnetism? 

To this the answer naturally Avill be that, as far as it has been 
possible to ascertain, magnetism or no magnetism constitutes tlie 
only systematic difference to assert itself between the experimental 
subjects and the controls in the studies here reported. So, until 
some other systematic cause of the difference between the two 
groups is found, it seems most reasonable to acknowledge the 
suggestions offered by the figures obtained and by the general con- 
siderations. 

Perhaps some more clear-cut results might be obtained under 
better experimental conditions. Tlie statistical analysis of the 
figures by Director Helge Petersen includes also some curves which 
were not mentioned in the preceding. They Were all obtained from 
persons with a rate of metabolism under 110 % — from determi- 
nations carried out on ambulant subjects under more quiet condi- 
tions than the aforementioned. The curves obtained from the 13 
fasting subjects (students' and unemployed), including the 20 
curves from one person, are to be taken chiefly as preliminary 
studies aimed in particular to show whether the magnet would 
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liave a stronger influence on one part of the body than on another 

— sometliing wliich was found not to be the case. In these exper- 
imeiiLs the pole of the magnet was in direct contact with the skin. 

The remaining 22 curves (Group A) were obtained from ambu- 
lant patients who prior to this examination had kept a preliminary 
low protein and fat diet for 2 days. Of these curves 85 % showed an 
increase in the metabolism under the closing of the current to the 
magnet in the latter part of the curve. This may perhaps be taken 
to indicate that better results may be obtained by having the 
experimental subjects keep a preliminary diet poor in protein 
and fat before the examination. 

Finally, the curA'cs presented in Figs. 3 and 2 suggest that 
better results might also be obtained with a select material of exper- 
imental subjects with a standard metabolism falling vlthin the 
values which in the present experiments were found to give the 
greatest results. But, naturally, it will be difficult to obtain a 
large material of experimental subjects in whom the rate of metab- 
olism falls within relatively narrow limits. 

Recently an expert on metabolism has called my attention to 
the circumstance that on exposure to the influence of a factor 
Avhich shifts the rate of metabolism to a new level, it will take 
a certain length of time before a new smooth curve maybe obtained 

— about five min., sometimes shorter and sometimes longer. So, 
when I have followed the metabolism only for 5 min. after the cur- 
rent Avas connected with the magnet, my measuring could not 
be sure to represent a curve in final equilibrium. 

Tlie metabolism apparatus being constructed for the purpose 
of reading the result when there is balance in the system man- 
spirometer, I have employed it outside its real purpose. Pre- 
sumably, however, this will not alter the result: that a disturbance 
involves the oxygen absorption in the latter part of the curve as 
compared with the first part. And this is the interesting point, not 
the absolute values for the oxygen absorption in the latter part of 
the curve. 

"WHien my curves cover merely a period of 8 -f 5 min., it is 
largely because I assumed that the experimental subjects might 
lire if the experiment was to last much longer, and then the metab- 
olism would increase. Previously I have carried out some exper- 
iments with longer curves, but they were perfonned on persons 
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wth a normal rate of metabolism, and the result appeared to be 
a rise in metabolism when the magnet was applied — that is, the 
same as happened when the subject tired. So I adopted the 
technique employed in the experiments presented here. 

It is also to be mentioned tliat I have obtained some curves 
covering a period of about 30 min., in whicli the metabolism rose 
when the magnet was connected with the current, and decreased 
when the current was broken. Tliis finding Avas no constant phe- 
nomenon, however, and these experiments were carried out in the 
course of the preliminary'’ studies, under experimental condi- 
tions others than those for the present material, and hence they 
are not included in this report, although they appear directly 
convincing. But the quick changes obserx'cd may perhajis be 
taken to indicate that balance is established more rapidly under 
the influence of the magnet than under work. TJic above-men- 
tioned objection is based on experiments carried out under constant 
work. 

The unquiet conditions under which the metabolism was deter- 
mined on the present material are not in keeping with tlic con- 
ditions for the employment of the apparatus. But, as mcnlioned, 
the aim of these experiments was to demonstrate the presence of 
differences from the application and non-apjAlication of the mag- 
netism, not to find the absolute values for the influence of this 
treatment, and in this respect they appear to have been successful 
even though it has to be admitted that better exjieriincnlal con- 
ditions probably would have yielded nicer results. 
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De la meningo — encephalife post rubeoliqiie. 

Par 

Dr. E. F. J. H. FALGER. 

(Cc travail cst parvenu a la redaction le 29 Mars 1944). 


Dans les anciens manueh la rubeoJe est decrite comme une 
maJadie tout a fait inoffensive; ce n’est que dans ies manuels les 
plus rdcenls ct dans les articles partis dans les periodiques des der- 
nieres annees qu’on mentionne parfois des complications. 

C’est ainsi que Glanzmann a decrit des complications avec 
une angine folliculeuse et une otite moyenne et que Konig et 
Potter ont constate de violentes myalgies dorsales et lombaires 
et I’hydropisie de plusieurs articulations. Ces cas se rapportaient 
tons k des adultcs. 

Au printemps de I’annee 1941 il y eut dans la contree du Zaan 
une epidemic de rubeole, qui frappa souvent aussi des adultes, 
dont plusieurs etaient tres maladcs et se plaignaient de douleurs 
musculaires et arliculaircs (comrr.unication personnelle dudocleur 
H. Hagtingius). Pendant celtc epidemic nous avons pu constatci 
chez une femme de 26 ans, une complication se rappcrtant specialc- 
ment au systeme cerebro-spinal. 

La malade avait eu en 1925 une pleuresie du cote gauclie, apres 
cela elle jouissait d’une bonne sante. Le 13 avril 1941 elle etait 
allee voir une soeur qui avait la rubeole. Le 28 avril elle consulta 
son medecin ie docteur Berkei qui remarqua un exantheme carac- 
teristique de la rubeole, specialemcnt sur le visage, le con et les jam- 
bes. Elle avait en outre une tumefaction generale des glandes, unc 
legere conjonctivite, les amygdales un peu grossies et les glandes 
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vomiting may be present, and the patient often suffers from a 
headache. 

The development of the illness varies according to the sever- 
ity of the particular case. With the milder forms, the cough and 
the dyspnea disappear wthin a few days, and in the more severe 
cases after one or two weeks. The symptoms usually persisting 
longest are fatigue and, in some patients, a headache, ^^^len the 
poisoning is more severe the signs from the lungs develop into pul- 
monary edema. Physical examination reveals signs of bronchitis 
and infiltration in the lungs, and the sputum is frothy and blood- 
streaked. In these cases the prognosis is grave. In Schiotz’s report, 
50 per cent of the patients in whom definite pulmonary edema de- 
veloped expired. Of the patients described in the present paper, 4 
of those with severe pulmonary edema died, while only 2 (cases 
2 and 16) who yielded sputum typical of this condition sur^dved. 

Among the more -uncommon symptoms mention may be made 
of convulsions, which occurred before death in case 14, and tremor, 
which was present in case 7 but could no longer be demonstrated 
after a couple of weeks. No other signs from the cerebral regions 
were observed. In the more severe cases, however, a thorough 
neurologic examination could not be made, owng to the poor con- 
dition of the patient. 

The temperature shows, as a rule, a moderate rise in connec- 
tion with the onset of the later period of symptoms. The highest 
temperature recorded at this stage appears to be 39.1° C but in 
most instances it was much lower. In the less severe cases tlie 
temperature elevation soon subsides again, while in the fatal cases 
it may rise prior to death. In some of the cases of medium severity 
in which recovery occurred there was an elevation lasting for a week 
or so. There may be a rise again in connection with the appearance 
of other symptoms (case 8). In no case w'ere fits of shivering re- 
ported (cf. zinc poisoning). 

The blood picture generally displays a slight increase in the num- 
ber of w'hite blood cells, with a moderate deviation to the left. In 
the patients with pulmonary edema an increase in the hemoglobin 
and red blood cells is a reflection of the desiccation. An extra- 
ordinary hematologic sign has been described by Ahlberg and Dahl- 
berg (10), who found myelocytes in their case, a feature which in 
their opinion was due to irritation of the bone marrow. 
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Je fis 1 autopsie 8 heures apres le deeds. La rigidite du cadavre 
etait manifeste. En ouvrant le thorax Je pus constater que le car- 
tilage des cotes ne s’etait pas calcific et qu’il y avait des attachc- 
ments du poumon gauche avec la paroi thoracique, soudures qui 
pouvaient facilement etre detachees. Dans le lobe gauche inferieur 
il y avait des foyers pneumoniques, les autres lobes etaient nor- 
maux. 

Le ventricule droit du coeur etait tres dilate. Le forman ovale 
etait bien ouvert. Les valvules, les vaisseaux sanguins et les musc- 
les du coeur etaient normaux. 

La rate etait gonflee et flasque. Le foie, la vesicule biliaire, I’es- 
tomac, I’intestin grdle et Ic gros intestin etaient normaux. La 
section du rein donna un resultat normal, les ligaments capsulaires 
se detacherent aisement. Les organes genitaux internes etaient 
normaux. 

Pendant I’autopsie du crane je constatai des meninges tres san- 
guines, elles n’etaient pas tendues et nulle part il n’y avait d’inflam- 
mations purulentes. La base du cerveau ne presentait pas non plus 
d’alterations pathologiqucs. 


Le doctcur F. H. Ter Poorten, qui pratiqua I’examen micro- 
scopique du cerveau fit le rapport suivant: »Partout mais surtout 
dans la substance blanche il y avait une infiltration de cellules peri- 
vasculaires qui etaient composee de cellules lymphoides, paifois 
aussi a mon avis de cellules de glia. Il y avait egalement, dans une 
certaine mesure une necrose et une thrombose du paroi des vais- 
seaux. C’est bien la Taspec*" qui correspond avec I’encephalite, que 
nous constatons pendant les maladies infecticuses». 


Nous avons done affaire ici d’un cas de meningo-encephalite sur- 
venu a la suite de la rubeole, de sorte qu’il faut bien penser a un 
rapport causal avec cette maladie. 

Dans les ouvrages, qu’il m’etait possible de consulter, j ai 
rencontre en tout 36 cas de complications neurologiques de la 
rubeole. 

Le Fran pais Labougle a ete le premier a mentionner un ensem 
ble des symptomes de la meningite se rapportant a cette maladie. 
L’article parut au commencement du vingtieme siecle; le mala e 
etait soldat. 
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tumefiees derriere Ics oreilles. La maladc se plaignait de legers 
maux de tete, mais elle se sentait si pen malade, qu’clle pouvait 
vaquer a ses occupations dans le menage. Le 5 mai elle se plaignit 
de mal de gorge, la temperature s’eleva a 39.3, die se sentait un pcu 
etourdi et apathique. Le Icndemain on trouva la malade evanouie 
dans son lit; c’est alors qu’on la transporta an plus vite a I’hopital. 

Status praesens: 

La malade etait dans un coma profond. Elle avait la respira- 
tion de Cheyne Stokes. II y avait un strabisme convergent, les 
reactions des pupilles etaient legerement positives a la lundere. Le 
fond de I’oeil etait normal des deux cotes. Les muqueuses de la 
bouche et des tonsilles etaient chargees de moisisure. Les glandcs 
lymphatiques n’etaient pas tumefiees, celles derriere les oreilles 
non plus. L’exantlieme avait disparu. Le coeur ni les poumons 
ne presentaient des anomalies. La pression vasculaire etait 132/90 
Riva Rocci. Le pouls etait regulier et egal et la frequence etait 
de 100 battements par minute. Pas d’anomalies en palpant les 
organes du ventre; le foie et la rate n’etaient pas enfles. II etait 
impossible de provoquer les mouvements reflexes du tendon de 
genou et du tendon d’Achille, il n’y avait pas de mouvements ref- 
lexes pathologiqucs. Le symptome de Kernig etait positif et il y 
avait unc leg^re raideur de la nuque. Dans I’urine il y avait unc 
trace d’albumine assez bien d’urobiline, pas de sucre; dans le 
sediment il y avait quelqucs leucocytes. La sedimentation des glo- 
bules rouges etait de 13 et de 34 mm apres 1 heure et apres 2 
heures. 

L’analyse morphologique du sang etait comme suit: haemo- 
globine 88 %; 4.3 millions d’hematies et 5200 leucocytes par mm®. 
Basopli. 1, globules en batonnet 5, polynucleaires scgmcntecs 64, 
lymphocytes 22, mononucleaircs 8; on comptait 2 % cellules plas- 
matiques. Le sang contenait 600 mg d’uree par litre. On constala 
une pression de 19 cm d’eau pendant la ponction lom.baire. La 
liqueur lombaire etait limpide. Les reactions de Nonne et Pandj" 
etaient positives; le nombre de cellules etait de 101 par cm®,c’etait 
presque exclusivement des lymphocjdcs, il n’y avait pas de micro- 
bes et aussi les bouillons de culture resterent sterilcs. 

Un traitem.cnt avec une forte dose de sulfapyridine n’eut pas 
de succes. La malade mourut 24 heures apres I’admission a I’liopital. 
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d’endroits des accumulations perivasculaires de lymphocytes et 
de polynucleaires, certains vaisseaux sanguins etaient entoures 
d’erythrocytes, Le diagnostic anatomique determina un cas 
d’encephalite. 

Un autre malade, un garconnet de 3 ans s’evanouit tout a coup 
3 jours apres I’exantheme. On trouva 100 cellules par mm^ (92% 
de lymphocytes) dans I’humeur lombaire et une pression elevee. 
Le lendemain I’enfant se retablit et six jours plus tard il quitta 
I’hopital entierement guerl. 

Pendant cette epidemic qui frappa aussi beaucoup d’adultes, 
les complications neurologiques se limiterent aux enfants. 

Cairieu, Laury et Bouchet communi querent leurs r&ultats 
apres une epidemic dans un village aux environs de Montpelliei, 
oil sur un total de 132 eleves, 96 eleves eurent la rubeole. Dans la 
majorite des cas la maladie ne dura qu’un jour. Souvent ils consta- 
terent chez leurs petits malades d’abondants saigenements de nez 
et dans de nombreux cas ils virent 8 jours apres I’exantheme des 
desquamarions des mains, des genoux et des pieds; en rapport avec 
ceci il firent ressortir particulierement qu'il s’agissait reellement 
de malades souffrant de la rubeole ayant I’exantheme et la tume- 
faction des glandes caracteristiques de la rubeole; selon les auteurs 
il n’y avait pas d’infection de fievre scarlatine. Pendant cette 
epidemic 2 enfants de 4 et 5 ans moururent le 3e jour apres I’exan- 
theme; des symptomes d’encephalite accompagnee d’une forte 
fievre et de convulsions avaient paru, qui causerent rapidement 
la mort. A plusieurs reprises ils virent aussi apres une diminution 
de la fievre, que celle ci augmenta de nouveau quelques jours plus 
tard et qu’il y avait en meme temps une suppuration des glandes 
lymphatiques du cou; un de ces malades succomba aussi. 

Le virus de cette epidemic etait done tres virulent, vu que sur 
un nombre relativement restreint de malades il y eut 3 cas avec 
une issue mortelle. 

Au printemps de I’annee 1929 il y avait a Paris une epidemic de 
de rubeole pendant laquelle Debre, Rurquety et Broca constaterent 
que deux enfants avaient I’encephalite. Un enfant de 7 ans tomba 
soudain 3 jours apres I’exantheme dans un coma accompagne cf et 
la de contractions musculaires, d’une agitation motrice, de trismus 
et de spasmes musculaires toniques, qui faisaient penser au tetanus 
en outre il y avait des spasmes du larynx, une deviation conjugee 
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vers la gauche et imc fievre montant a 41 degrees avee unc frcciuonce 
du pouls de 160 baUemeuts; il n’y avail pas de raidcur de a muiuc 
pas de syiuplomcs de ICernig. La prcssion de I’liuir-cur lomhairc 
elait augmentee el on peuvail compler 23 lymphocytes par mni , 
les bouillons de cullure restcreni slerilcs. Deux Jours plus lard 
I’enfant revint a lui cl quclqucs jours apres Ic malade elail cnlierc- 
menl relabli cl plus lard on nc Irouva pas non plus d’anomabes 
ncurologiciues. Un aulrc cnfanl dc 8 ans cul <igalcmcnl Ic 3c jour 
un evanouisscmcnl accompagne de symptOmes scmblablcs le 
nombre dc lymphocytes dans I’humcur lombairc montail ici h 100 
lymphocytes par mm^. Trots scmaincs apres cette grave maladio 
qui faisail craindre unc issue morlclic, cct cnfant-ci etait egalemcnt 
enticremenl gucri el plus lard il n'avail plus aucun symptome 
du cote du syslcmc cerebro-spinal. 

Ces aulcurs pcusaicnl pouvoir diagnosliquer ici unc i»cncepliali- 
lique rubcoliquc» qui scrail caractcrisec par le debut suraigui, la 
forte fievre, Tagilalion molricc cl par dos spasmes du laryns, le 
trismus cl I'cpislholonus, unc forme dc maladie tres grave quipri! 
lout a coup unc lournure favorable. 

^fcr^T cl Korkoff virent aussi pendant unc epidemic dc rubcolc 
a Massachussetls chez 3 enfants, 3 h 4 jours apres le commcnrc> 
mcnl de rexantheme, un syndrome avee unc Iclliargique soudaine 
accompagnec dc contractions musculaircs c( (rngilation motricc, 
syndrome qui presente bcaucoup d’analogie avee "I'cnrejtbalile 
rubeoIique», I elal general n’ctail ccjtendaut ])as si grave ([uo chez 
les maladcs dc Debre c.s. 

Chez tons les maladcs ils Irouvcrcnl presque oxclusivemonl tics 
lymphoc 3 dcs dans rinimcur lomhairc cl ici aussi un rtMablissement 
coinplcl suivil apres un laps dc temps lelalivcmcnt court. Les 
auteurs vircnl encore un homme <le 33 ans, (pti e\tl le 4e jour apres 
I’exanlhcmo unc aphasic accompagnec dhm nystttgmus el du 
cole gauche les mouvcmcnls reflexes dc Babinsky; deux Jours plus 

lard CCS symplomcs di.sparurcnl dc uouveau comple.tcmenl el pour 
dc bon, ' 

Davison el bncdfeld conslatcrcnl renocphalile apres la ruheolc 
dans 6 cas donl 3 eurcnl unc issue, morlclic. Dans uu de cos cas il 
s agissait d’un bomme de 22 ans, qui cut, 4 jours apres Ic commen- 
cement do Icxmlliemc m,c cerlninc lourdeur dans la Ude, arcom- 
pagneo d„ne legerc agilatic, .nolrice: lo !o„demai„ il ota Tca a 
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coup des convulsions, un nystagmus et une lethargic profonde avec 
le symptome de Kernig et des deux cotes les mouvements reflexes 
de Babinsky. Le jour suivant le malade mourut apres que la 
fievre fut montee a 43. L’humeur lombaire etait sterile et ne con- 
tenait presque exclusivement que des lymphocytes. L’analyse 
microscopique du cerveau montra des foyers dissemines de demye- 
linasation autour des vaisseaux sanguins, surtout autour des peti- 
tes veines, le tout accompagne de destruction de myeline, de cylind- 
res-axe et de tissu de glia. Les espaces perivasculaires etaient 
remplis de cellules de microglia, de lymphocytes, de cellules plasma- 
tiques et de cellules d’endothelium. En outre il y avait des cellules 
endotheles tumefiees dans les vaisseaux avec des thrombi, des 
hemorragies perivasculaires et des changements locaux de dege- 
neration lipoide. 

II mourut encore une femme de 23 ans apres une maladie de 7 
j'ours et une petitie fille de 8 ans dans un acces d’epilepsie quelques 
j'ours apres le commencement de I’exantheme. 

Les 3 autres malades parmi lesquels il y avait un j'eune homme 
de 19 ans se retablirent completement de I’encephalite. 

Potter et Skinner font chacun egaleir.ent mention d’un autre 
cas de meningite cerebro-spinale apres la rubeole qui eut un coiirs 
favorable, tout comme Read dont pourtant le malade, apres un 
an se sentait encore vite fatigue, plus tard ce symptome disparut 
egalement. 

De Gennes, Celice et Gautrou nous parlent encore d’une femme 
de 26 ans, qui, 3 j'ours avant I’exantheme de la rubeole, montra des 
symptomes prodomiques sous forme de maux de tete violents et de 
vomissements. Le 5e jour apres le commencement de I’exantheme 
il se declara un etat qui ressemblit au delire avec une forte raideur de 
la nuque et des symptomes de Kernig; dans I’lnuneur lombaire 
on trouva 90 lymphocytes. La meningite guerit tout a fait, de sorte 
que, 3 semaines plus tard, la malade etait completement 
retablie. 

Zadik mentionne un cas d’un gar^onnet de 4 ans chez qui on 
diagnostiqua d’abord une meningite epidemique. Le 3e jour de la 
maladie lorsque les symptomes de la meningite avaient dej^ dis- 
paru, il se forma un exantheme classique de rubeole accoinpagne 
de tumefaction des glandes derriere I’oreille et d’augmentation des 
cellules plasmatiques dans le sang (6 — 8 %). lei le virus avait 
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done dcjJi aiicint le system nervciix ccnlral pendant la periode 
d’incubation de la riibeole. 

En rapport avee cc (pii precede je incnlionnc dc parcillcs ol)scr- 
valions par rapport a la rougeolc che/. Glanzinann et Sotow; a 
diverses rc))riscs ccs ecrivains conslalercnt nolainmcnl vine ence- 
phalitc avant rcxanlhnnc dc la rougeolc. Cos cas-ci iic furcnl 
pas suivis dc guerison complelc; unc legere debilite, do, rnpliasie 
cl dcs troubles motcurs persist erent.. 


Si nous passons cn revue les cas oliserves dans la littoral uro el 
Ic cas inentionne par nous, nous const at ons (pio dans 22 dos SO 
cas, la incningo-encepbalitc sc dcclarorcnl ajiros la ruboolc oluv. 
dcs adultcs. Chez Ics cnfanls alloints, I'ago variail do .1 a l l ans. 
Dans S cas (3 enfants cn 5 adultcs) la complication dtait morlcllo 
(mortalile rh 22 %). 

II parait done (pie Ic virus de la riibeole cst rclativcniont jiliis 
dangcreux pour Tadullc quo ])our ronfanl. 

La ineningo-cncephalitc nibooliquo so manifcslail 3 a 7 jours 
apres le commcnccnicnt dc rcxaiithoino, oxcojite dans lo cas 
Zadik, puisque ici les comjilications nciirologicpics procodorent la 
maladic, 

A rcinarqucr que dans la jiliqiarl dcs cas les complications uou- 
rologiquos prennent dcs Ic debut une forme tros aigue el disjin- 
raissent vile cl tolalomont dans les cas, on Tissue n’ost jias mor- 
tcllc. Dans J’luimcur lombaire on Irouve ])rcs(p!e c.Nelusivcnionl 
dcs lymphocytes, il iTy avail jamais dos microbes, Dans les cas 
sans issue niorlclle, il y out toiijours giiorison complolo; sous cc 
rapport Tencephalilc par suite dc la rubeolc so. distingue avanla- 
geusement dc cello, qiii survicnl ajircs la rougeolc el la vacoina- 
lion contre la variolc. Dans ccs cas (Tcnc.cphamo la morlalitc cst 
sans doulc inoins grande ±- 10 % (Glanzmann) mais dans G") 
dcs cas dcs inaladcs giioris, ceux ci rcslaicnl souffrant dos suites, 
sous forme d’ataxic, dc faiblc.ssc musculaii-c, d opilepsio, do dcbililc! 
dc demcnce ct dc changcmcnls de caracl ore. Probablomonl le virus 
dc la rulniolc nc cau.se done pas dc changcmcnls irrcl-parablos dans 
Ic systemc ccrebro-spinal. 


Les changcmcnls anatomi({uos du syslomo. nervoux, les infil- 
trations porivasculaires dcs lymphocytes, les cellules ])lasmati- 
ques, les cellules dc Tcndolhediitm, des lumdfact ions vasculaircs 



290 


E. F. J. n. FALGER. 


de I’endothelium avec des thrombis et des hemorragies perivascu- 
laires ci et la dans la substances grise sent les memos que dans 
I’encephalit^ a la suite des maladies infectjeuses. 

Le diibut tres aiguc des symptomes cerebraux apres la rubeole 
est tres remarqual)le et ce symptome plaiderait pour la supposi- 
tion (qui a dejii cite emise plusieurs fois pour I’encephalite 
survenue k la suite de la rougeole et de la vaccination contre 
la variole) qu’on doit attribuer les anomalies dans le cerveau a 
des changements causes par I’anaphylaxie a la suite des toxines 
de la rubeole. 

Les changements vaspulaires et la localisation perivasculaire 
des lesions portent a croire que les toxiques nuisiblcs dans les vais- 
seaux sanguins se repandent (tout a coup) dans les tissus environ- 
nants (favorise par une permeabilile anormale) et la poussde du sang 
dans les veines auxquels s’ajoute probablement la plus grande 
permeabilite de la barriere sang-liqueur qui joue un role important 
dans la sensibilisation du systeme c6rebro-spinal. 


R6sum6. 

Description d’un cas de mdningo-encdphalite rubdolique avec 
issue mortelle chez une femme de 26 ans. Nous avons signale le 
ddbut tres aigue en general des complications neurologiques apres 
la rubdole, la presence presque exclusive des lymphocytes dans 
la liqueur lombaire qui est toujours stdrile et la probalite que les 
changements anatomiques du systeme cdrebrospinal sont causes 
par une reaction anaphylactique sur les toxiques de la rubdole. 
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Eosinophil granuloma of Bone — Schiiller- 
Christian’s disease. 

By 

J. ENGELBRETH-HOLM, G.TEILUM and ERNA CHRISTENSEN. 
(Submitted for publication April 28, 1944). 


In 1929 Finzi described a peculiar morbid condition which 
he called »eosinopliil myeloma». It was the case of a boy, 15 years 
old, on •whose forehead a bump appeared without any known 
cause — in particular with a negative history as to preceding 
traumatic injury. Roentgenography showed a sharply defined 
clearing, 20 x 8 mm, due to a tumor-like tissue consisting of a 
cellular, richly vascularized, reticular stroma, the meshes of which 
contained numerous eosinophil cells together Avith neutrophil 
leucocytes and a few giant-cells. The blood showed eosinophilia. 

Since then, several similar cases have been reported. Schairer 
(2 cases) considers the condition a peculiar form of osteomye- 
litis, and emphasizes that the granuloma is built up of reticular 
cells with many eosinophil leucocytes and giant-cells, besides the 
presence of iron pigment. Otani & Ehrlich, who have reported 7 
cases, designate the condition as )>solitary granuloma of hones. 
Possibly a case reported by Mignon belongs to this group too, 
hut no histological findings were given. 

In 1940 Lichtenstein & Jaffe reported 4 cases, and Mallory 4 
additional cases. These authors advocated the vieAV that the con- 
dition involves a disease sui generis of unknown etiology (they 
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think that a virus may possibly be the cause), the more essential 

characteristics of which are as follows: 

In a child or young person a painful tumor of a bone, most 
often a membranous bone, makes its appearance. Roentgeno- 
graphy reveals a solilari% sharply defined, defect in the bone, 
sometimes with swelling of the corresponding soft parts. 

The histological findings arc as described above; a granuloma 
made up of reticular cells with numerous eosinophil leucocytes, 
sometimes also giant-cells of the osteoclast tj-pc. The blood and 
sternal bone marrow may 'show a moderate cosinophilia (Fmzi, 
Lichtenstein & Jaffe, Schairer). 

The differential diagnosis involves particularly osteomyelitis 
Evdng’s sarcoma, cyst of bone and Schullcr-Christian’s disease. 
The prognosis is good, as the granulomas heal with or without 
treatment (X-ray treatment, curettage). 

The etiology' is unkno\sm. Bacteriological studies have turned 
out negative (Otani-Ehrlich, Schairer). In several cases, however, 
the development of the eosinophil granuloma has been preceded 
by traumatic injury', often severe (Mallory’s cases, Mignon’s' case, 
5 of Otani & Ehrlich’s 7 cases (one of therh with 2 traumas and 2 
corresponding foci), and 1 of Schaircr’s cases). 

So there does occur a morphologically and symptomatologically 
rather well-characterized nosographic picture, »cosinophil granu- 
loma of bones, but it is doubtful whether it be justified to consider 
this condition a disease sui generis. Indeed, this has been ques- 
tioned by various authors. Furthermore, the cases we have ob- 
served suggest a different classification of this syndrome. 


Case 1, 

Girl, 9 years old. (Neurosurg. Dcp. of the Rigshospilal, Roc. No. 4730.) 

The patient gave a past history of good health. 3 months before her 
admission a bump on her forehead ^vas noticed accidentally. Her parents 
took it to be an inflammation and treated her with hot compresses. Her 
condition was aggravated, however, and she was hospitalized. 

Physical examination showed a 2 cm. — wde depression in the fronlal 
bone, to the right of the midline, 1 cm. below the hair border. No tender- 
ness on palpation. No pulsation. 

Roentgenography: In the frontal bone, to the right of the midline an 
irregular defect is seen, measuring about 4 cm in diameter, extending 
hvough the entire thicknoss of tlie bone. A lateral view shows a slight 
bulging of the thin lamina externa in the periphery of the defect 

X-ray diagnosis; Frontal oslilis. 

20 — Acla med. scandinao, Vol. CXVIII. 
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Other examinations showed normal conditions. Ventriculography: 
No abnormality. Hemoglobin: 85 %. Sedimentation rate; 8 mm/I hr. 
Serum calcium: 10,3 mg %. Serum pH phosphorus: 3.9 mg %. Urine; No 
abnormal elements. 

On operation the bony defect was found to be filled with a greyish 
fibrinous granulation tissue, extending out on the outer and, especially, 
inner surface of the skull, where it was adherent to the dura but could be 
detached without difficulty. Reexamination on 16/1/44, 2 months after 
the operation: X-ray examination of the entire bone system revealed no 
other foci. 

Microscopic examination. A specimen, tissue from the frontal bone, 
shows a granulation tissue which in most places is very cellular and richly 
vascularized, with numerous eosinophil leucocytes, histiocytes and hemo- 
siderin-containing macrophages with transition to large irregular multi- 
nuclear cells. There is a considerable accumulation of blood pigment. No 
xanthoma cells are seen. 

Epicrisis: In a girl, 9 years old, a solitary bump appears on the 
forehead without any known cause. There is found to be a pronoun- 
ced boae defect, and histologically the bump is built like an eosino- 
phil granuloma of bone. The abumpo was removed operatively. 

Six months after the commencement of her illness the girl vf&s 
free from symptoms; in particular roentgenography of the skeleton 
revealed no other foci. 

Observation period: 6 months. 

Case 2. ' 

Girl, 8 years old. (Radium Station, Rec. No. 30, 852.) 

About 18 months prior to the onset of the present lesion the patient 
suffered a rather severe traumatic injury to the pudental region when she 
fell against the edge of a board. Two months before her present illness she 
suffered a concussion of the brain, followed by an attack of pneumonia. 
Shortly after this, she commenced to drag her left leg, and she complained 
of tenderness of the trochanteric region. Her appetite was poor, her tem- 
perature subfebrile (38® — 38.5°), 

Roentgenography: In the upper two-thirds of the inferior branch of 
the left pubic bone, near the symphysis, the structure of the bone is com- 
pletely effaced, by a destructive process measuring 12 X 35 mm. Also 
the medial contour is effaced; -There is no tumor of the soft parts, no new-. 
formation of bone. 

X-ray diagnosis: Destructive process in the left pubic bone. No chan- 
ges in the rest of the skeleton. • 

Biopsy (drilling ad modum Christiansen) revealed a typical eosmopnu 

granuloma (see below)., . , • i \ u,,. 

Under X-ray treatment (450 r anteriorly and 500 r mfenoriy) 
process disappeared completely within 6 months. But now an area of .tenaer- 
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ness appeared in the right arm, and roentgenography showed here a new 
focus, a sharply defined area of rarefication, % ^ ^ cm, in the upper part 

of the shaft of the humerus. . ^ rr 

Of other examinations the following are to bo mentioned; Hemo- 
globin; 89 %. Red blood count; 4.25 millions. Wlute blood count; 9240. 
Sedimentation rate: 25 mm/1 hr. Serum calcium; 10.8 and 11.2 mg %. 
Serum phosphorus: 4.78 and 4.G0 mg % Phosphatase; 23. Blood choleste- 
rol: 173 and 169 mg %. Urine: No abnormal elements. 

Microscopic examination: The specimen, from the process in the pubic 
bone, shows large, compact flakes of a very cellular tissue, built up of uni- 
form, rather large, round or elongated cells, udlh varying amounts of 
cytoplasm and round nuclei. The cells vary considerably in size; many 
mitoses arc seen. V. Gioson stain shows no stroma proper,- but scattered 
fine streaks of collagenic connective tis.sue, with scanty delicate blood ves- 
sels, in the intervals between the cells. This picture of a liomogencous 
tissue rich in cells, sending peripheral cords in between the surrounding 
connective and muscular tissue, may remind somewhat of tumor tissue 
(Fig. 1). Scattered about in this tissue, however, large clusters of poljTiuc- 
Jear eosinophil leucocytes are seen (Fig. 2), which also fill some of the 
scanty small vessels. No typical granulation tissue is seen; and no giant- 
cells, nor foamy cells arc seen. In some areas the cells described above, 
which have to be regarded as roticulo-histiocylcs, present a cytoplasm with 
a considerable number of liny vacuoles. No accumulation of blood pig- 
ment is seen. 

Epicrisis; In a girl, 8 years old, an rcosinopliil granulomas 
develops in the pubic bone 1 years after a traumatic injurj*. 
No changes are found in the rest of the skeleton at that time. After 
X-ray treatment this process di.sappcars within 6 months, but i.s 
follow'ed by a new' fociKs in the right humerus, klicroscopic e.xami- 
nation shows »cosinophil granulomas 
ObscTA'ation period; 8 months. 


Case 3. 

No^2°84 {Neurosurgical Dep. of Aarhus City Hospital, Rcc. 

The patient is No, 6 of 6 children; all the others are well. Through 
the past year he has had a gradually increasing stumors in the left orbit 
vith diminution of the palpebral fissure. Tlie tumor is said to vary in size’ 
swel mg when the patient catches a cold. TJie tumor arises from the roof of 
Urn orbit, and the eyeball is di.splaced a little downwards a d mod , v 
The tumor is smooth, elongated, not lender. meumuj . 

destruction of the upper margin of the 
l eft crb,t. nb ovo ,vh,cl. a couple of irregular al-eos of roroficul.-on of "le 

publlh Ihl" ClUct Phy.lolm,,,orpc™is.lo„lo 



296 J- engelbreth-holm, g. teibum and. ebna chbistensek. 

bone are seen, about 1 cm in diameter. On operation a tumor is removed, 
measuring about 1 Y^'x 2 X 3 cm' and extending along the entire upper 
margin of the orbit. The tissue' of the tumor is soft, greyish and yellowish 
in color. ■ 

X-ray examination of the rest of' the skeleton shows no abnormality 
in the extremities, but the wing of the right ileum presents an area of bone de- 
struction, 3 % X 4 cm, consisting in several small, rather sharply defined 
rarefications, partially confluent. No abnormality is seen in the scapulae 
and ribs. Of other examinations, the following may be mentioned; Hemo- 
globin; 85 %. Red blood count; 5.24 millions. White'blood count; 10000. 
Blood sugar; 112 mg %. Urine": Diuresis normal. ' No abnormal elements. 
No disturbances of vision. 

Microscopic examination: Tissue from the roof of the orbit shows 
somewhat varying features in the various fragments. In some places 
there is a diffuse reticulo-histiocytic proliferation with a rather homo- 
geneous tissue, rich in cells, as in Case 2, though somewhat more richly 
vascularized. In other places the tissue is looser, presenting the character 
of granulation tissue with numerous new-formed blood vessels, leucocytes, 
especially eosinophils, and numerous histiocytes, which in several areas 
appear as macrophages with transition to giant-cells with marginal nuclei 
(Teuton cells), up to 30 — 40 of which are seen in one area (Fig. 3). Eosino- 
phils are encountered here too, sometimes in clusters. In some places the 
histiocytes are very large, showing phagocytosis, whereas no fully deve- 
loped xanthoma cells occur. No blood pigment is seen. 

Epicrisis. A boy, 3 years old, has a soft tumor of the roof of the 
left orbit, where roentgenography reveals a defect in the bone. 
Another defect is found in the wing of the right ileum. Microscopic 
examination shows the picture described as characteristic of 
eosinophil granuloma and, in addition, beginning lipoid phago- 
cytosis and the presence of Teuton cells. 

Observation period 15 months. 


Case 4. 

Boy, 5 years old. (Radium Station, Rec. No. 26, 778.) 

The boy is a twin; the other twin is well. 

At the age of 3 years the patient had an attack of acute otitis media. 
Shortly after, a )>bump» was noticed on the right side of his head. He ha 
no complaints. He was admitted to the Neurosurgical Dep. of the igs 
hospital, where roentgenography revealed a defect in the skull. en n 
culography and test puncture were performed. On operation the ump 
was removed together with the surrounding bone and a piece of the 
which the browish-yellow granulation tissue-like tumor tissue was a 
rent. After this he was transferred to the Radium Station. 
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Fip. 1. Case 2. 'I'issiu' of rcliei\lum cells, uuUoimly rich in cells. (ITyin'r 
I)laslic-i)roIifC'ralivc plinsc). Heinatoxylin-eosin- Mafinif. X -I/O. 


At tliis lime tlie l)oy could not yet talk, nlUioufili he then Ava.s over ;i 
years old. 

Physical examination revealed no abnormality apart from the trepana- 
tion defect in the skidl. 

liocntgciiogropinj of the entire .skeleton revealed in the right iiinndible a 
large irregular area of rareficalion beloAv the anlage for the jioslerior molar, 
extending to the surface of the bone and leaving the compact bone merely 
as a thin sheet, 1 mm in thickne.ss. The lateral half of the left clacirh' pre- 
sented an area of rareficalion, measuring 1 x 1 e.'n and surrounded by 
irregularly u'lde-meshed osseous tissue. Also the right cltn'irk showed an 
area of rareficalion, <1 x G mm. No abnormalities wore seen in the thorax, 
vertebral column, pelvis and extremities. 

Other examinations: iremoglobin: 7G %. Red blood count: 3.G.') 
million. While blood count: 5200. Differential count normal; in j)articu- 
lar, no eosinophilia. iSedimentation rale: 23 mm/1 hr. Serum calcium: 
10.8 mg %. Serum phosphorus: 4.1G mg %. Blood cholesterol: IG-t — 
lC5mg%. Formol gel: Negative. Gonadolro])in in urine: 0. Urine: 
No abnormal elements. 

The patient was given X-ray treatment , and ho was imju'oving wlion 
lie was discharged. Ife was readmitted, however, when — 3 weeks after 
a fall, in which he suffered a hematoma in the occi])ital regioji — a soft 
tumor developed at this silo, accompanied by discharge from the right 
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Fig, 2. Case 2. Clusters of eosinophil leucocytes surrounded by reticulum 
cells. Hematoxylin-eosin. Magnif. x 240. 

ear. In the right side of the occipital region a round soft swelling was pal- 
pable, and X-ray examination showed here a sharply defined defect in 
the bone, 3 cm in diameter. 

The patient was given X-ray treatment, to which the lesion yielded 
with a decrease in the bony defect and disappearance of the swelling. 

X-ray examination of the rest of the skeleton showed no abnormality. 
4 months later there were no symptoms of the lesion, no sign of any re- 
currence. 

Microscopic examination: Tissue from the dura shows a diffusely 
extending granulation tissue -with numerous fine capillaries and masses of 
polymorphonuclear leucocytes, including numerous eosinophils in large 
clusters [Fig. 4), lymphocytes, histiocytes and macrophages. Extensive 
hemorrhage is seen, also accumulations of blood pigments, which partly 
is undergoing phagocytosis. Numerous larger macrophages and giant-cells 
are seen, especially in areas where the tissue is looser and meshy in struc- 
ture; in some places these cells resemble osteoclasts with up to a dozen 
nuclei of irregular location [Pig. 5), whereas other areas appear to show 
transitions to typical Teuton cells with peripheral nuclei. 

On the surface of the dura, separated from the granulation tissue, an 
entirely xanthomatous patch is seen, with large typical foamy cells [Fig. 6) 
and a few Teuton cells. 

On Foot staining an extraordinarily dense and fine network of argen- 
taffine fibrils is seen. 
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Fig. 3. Case 3. Granulation tissue with numerous giant-cells of Teuton type 
as sign of beginning lipoid phagocytosis. Hcmatoxylln-cosin. Magnif. X 240. 


Epicrisis: In a boy, 3 years old, a bump appeared on the right 
side of the head wthout any known cause. A bone defect was 
demonstrated here. Three additional foci of similar character were 
found in the mandible and clavicles, and later, another focus 
appeared in the occipital region after a traumatic injury. 

Microscopy shows a picture of eosinophil graonuloma of bone 
and also an area of xanthoma tissue with large foamy cells and 
Teuton cells. 

The patient has been free from symptoms for the last 6 months. 

Observation period: 3 years. 


Case 5. 

Boj% 5 years old. (Radium Slalioii, Rec. No. 1313.) 

The patient is a twin, No. 7 of 8 children. 

Rickets at the age of 1 year; otherwise well till the onset of the present 
lesion. This commenced at the age of 2 j'ears, when a red hump was noticed 
accidentally on the right cheek. The hump was tender to pressure and in- 
creased gradually in size, reaching a diameter of 3 — 4 cm. Then he was 
admitted to hospital where an incision was made inlo the sarcoma-like 
tumor, and tissue removed herefrom was taken to be Ewing’s sarcoma 
with inflammatory changes, on whicli account the patient was transferred 
io the Radium Station. Here he was found to he a little anemic and rather 
thin, with subfebrile temperature. The aforementioned tumor, measuring 
5 X 5 cm, was found in the zygomatic region; the incision on top was filled 
with tissue looking like granulation tissue. In the retromandibular region 
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Fig. 4. Case 4. Eosinophil cells in clusters and reticulum cells. Mcmato.xv liii 

cosin. Magnif. x 470. 


6 — 7 slightly enlarged lymph nodes could be made out. In addition the 
boy presented scabies. 

Roentgenography revealed an area of rarefication, sharply defined, 3 % 
cm in diameter, in the right temporal region, involving the anterior part 
of the temporal squama and the adjacent parts of the parietal and frontal 
bones. No abnormality was seen in the rest of the skeleton, but the lungs 
presented numerous, partly confluent, blurred spots (3 — 4 mm in diameter), 
of uncertain nature. These spots remained unchanged on repeated exami- 
nations through several months. 

Blood examination showed the presence of anemia (Illn Gt)%)and 
leucocytosis (white blood count 14700) with 46% atypical monocytoid 
cells; no eosinophilia. Punctate of bone marroAV from the tibia showed 
30 % of the same atypical cells. 

Several diagnoses were considered (malignant tumor with metaslase.s 
to the lungs, atypical lymphosarcomatosis or reticulosarcomatosis with 
metastases to the lungs and changes in the blood, atypical leukemia), 
and X-ray treatment was instituted with the result that the tumor in 
the temporal region disappeared completely in response to a total of 2000 
r (while the changes in the lungs persisted). The changes in the blood 
subsided in a couple of months, whereafter blood examination gave normal 
findings (Hi); 82 %, white blood count 9600, differential count normal). 
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Fig. 5. Case -1. Graiuilalioii tissue with ncw-forniccl capillaries ami oslcoclasl- 
likc giant cells, pronounced cosinophilia. (Granuloma phase). Hcinaloxylin- 

cosin. Magnif. x 210. 

Of other examinations the following may ho mentioned: Blood choles- 
terol 160— 170 mg %. Serum calcium 11.2 mg %. Serum phosphorus 
6.1 mg %. 

The patient got well and was discliarged.. One month later, however, 
he was readmitted with a focus in the imindiblo on the first molar. Histo- 
logical examination of tissue removed herefrom {see below) showed quite 
the same features as had been observed in the temporal ^tumori). 

During the following year the classical picture of Schiiller-Christian’s 
disease developed. 

Gradually numerous foci developed in various bones (the skull, man- 
dible, scapulae, pelvis, femur and ribs) together with a skin focus in the 
nose. 

Biopsy (scapula) still showed the same histological features (sec below). 

In addition, a marked degree of diabetes insipidus developed, with 
a diuresis exceeding 2 liters. Besides, the patient was strikingly small for 
his age and growth appeared to have stopped. 

Blood examination now showed practically normal findings without 
reticulosis and without cosinophilia. Punctate of bone marrow showed 
normal conditions. 

His condition was get ting worse, but under X-ray treatment the various 
foci healed in the next couple of years, and his diabetes insipidus respond- 
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Fig. 6. Case 4. Xanthomatous tissue from the dura with typieal foamy cells. 
(Xanthoma phase). Hematoxylin-cosin. Magnif. x 305. 


ed favorably to treatment wth posterior pituitary lobe powderized for 
sniffing. 

Five years after the onset of the lesion his condition was stationary, 
%vith healed foci in the bones, but with persistent diabetes insipidus and 
dwarfism of pituitary iype. 

Numerous blood examinations in the last couple of years have mostly 
sho%vn normal findings. Eosinophilia was demonstrated twice, however, 
with 10.5 % eosinophils in a white blood count of 10960, and 8 % of 9800. 
Besides, a couple of bone marrow punctates have again shotvn the afore- 
mentioned somewhat atypical monocytoid reticulum cells. 

Blood cholesterol, calcium and phosphorus have kept unchanged 
throughout the course of the lesion. 

Microscopic examination: As in Case 2, specimens of tissue from the 
temporal tumor, the mandible and scapula show a slightly vascularized dense 
cellular tissue built up of close-packed reticulum cells. Numerous eosi- 
nophils are seen, partly enlarged clusters (Fig. 7 — 8), partly more scattered 
in the tissue. The changes are chiefly proliferating. The scanty blood 
vessels are filled with leucocytes, especially eosinophils. The tissue con- 
tains no giant-cells, blood pigment or xanthoma cells. 

Sudan 111 stain: No lipoid accumulation. 

Reliculin staining shows delicate, partly reticular, fibrils round the 
individual cells. 
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Fig. 7. Case 5. Reticulum cells and cosiuoplul Icucocj’lcs. Hcmaloxylin-cosin, 

Magnii. x 470. 









pig. 8. Case 5. Eosinophil cells surrounded by a tissue uniformly rich in celts 
Hematoxylin-cosin. Magnif. x 240. 



Fig. 9. Case 5. Lymph node with proliferative reticulosis and eosinophilia. 

Hematoxylin-cosin. Magnif. x 120. 

Sections from a lymph node (Fig. 9) shows pronounced reticulosis; 
in some places the structure is a little blurred. The sinuses contain reticu- 
lum cells and scattered eosinophils. In other areas large, light-staining, 
germinal centers are seen with the normal structure preserved. 

Epicrisis: In a boy, 2 years old, a large »bump» appeared in the 
right temple, with a corresponding defect in the skull. Under 
X-ray treatment the process healed, but in the following year 
several foci developed, and finally the process was generalized, with 
innumerable bone foci. At this time diabetes insipidus developed 
too, and now the patient presented clinically a typical instance 
of Schiiller-Christian’s disease. 

Microscopic examination of tissue from 3 foci showed in every 
instance a typical picture of eosinophil granuloma. 

In addition, the bone marrow and blood showed a consider- 
able degree of reticulosis in the early stage of the disease. 

The osseous changes healed (after X-ray treatment), but dia- 
betes insipidus and pituitary dwarfism persist. 

Observation period 4 % years. 






EOSlNOrHlL GBA^•ULOMA OF DOKF. — SCHVLLER-CHRISTIAN’S DISEASE. 305 

Summarizing the changes presented by the patients in the 5 
cases reported, above, they may hll bc Said to^sliow a typical picture 
of eosinophil granuloma of bone. Iii ail five cases the histological 
features arc tiuite charac'cristic, but in addition, our patients 
present some otlicr features which obviously place this eosinophil 
granuloma of bonc» as a link in' Schiillcr-Christian’s disease (see 
Table 1.) 

As to the clinical sympiomalology, then, these cases show all 
transitions from the entirely- soliiary seosihophil granuloma» to a 
universal spreading of the affection with innumerable bone foci, 
continually of the same histological structure (Case 5), in a typical 
case of Schuller-Chrislian’s disease Avith cranial defects and diabe- 
tes insipidus. 

Also the clinical picture of eosinophil granuloma Aviih )>pro- 
truding foci#, Dsoft areas in the skulli), etc. in the sites of choice in 
the skull and pelvis is quite in keeping Avith the recognized initial 
symptoms in classical cases of Schullcr-Christian’s disease. Judging 
from our cases, the entirely solitarj' eosinophil granuloma appears 
to be of rare occurrence; often it is possible through observation 
for some length of time and roentgenography of the entire skeleton 
to demonstrate tAvo or more foci. 

Morphologically our material presents a picture corresponding 

Tabic 1. 


]Vri(crs' Cases of ^Eosinophil Granuloma of Bonc» llltislraling the Transition 
to Typical Schiiller-Christian’s Disease. 




Age in 

Duration ol 




Sex 

illness at last 

No. ol foci 

Remarks 



years 

exam. 


Case 1 

B 

9 

G months 

1 (sUull) 


Case 2 

■9 

. 8 

8 months 

2 (pubic bone, 


Case 3 




humerus) 


M. 

3 

15 months 

2 (skull. 


Case 4 




ileum) 


M. 

.5 

3 years 

5 (skull (2), 


Case 5 




mandible, 
clavicle (2)) 


U. 

2 

4 7: years 

Innumerable 

Diabetes insipidus, 
dwarfism, changes 
in lungs and skin 
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to the one described as' typical of eosinophil granuloma. But, in 
addition, the various cases show different developmental stages 
typical of the granuloma in Schuller-Christian’s disease — as will 
be mentioned in detail below. Here it will be appropriate in parti- 
cular to emphasize the occurrence of Teuton cells (as evidence of 
lipoid accumulation) and typical xanthoma tissue with foamy 
structure together , with a characteristic granulation tissue seen 
respectively in Cases 3 and 4, even though these patients may 
only present a solitary osseous focus wthout other typical sym- 
ptoms. 

The connection between eosinophil ■ granuloma of bone and 
Schuller-Christian’s disease has been ventilated before (Ahlstrom 
& Welin, 1943; Green & Farber, 1943), although such illustrating 
intermediate lengths as the cases here presented were not known 
hitherto. Most American authors have refuted the possibility of 
such a connection between the two morbid conditions. On the 
other hand, several investigators, especially German, have objected 
to the prevailing view advanced by Rowland (1928) of Schiiller- 
Christian’s disease being primarily a disorder of the lipoid metabolism 
analogous with Gaucher’s disease and Niemann-Pick’s disease, 
pointing out that the lesion primarily involves a granulating pro- 
cess, while the lipoid accumulation is a secondary phenomenon. 

As to Schuller-Christian’s disease, we beg to refer the reader to 
a paper by Teilum (1942) on the clinical and autopsy findings in a. 
case of cholesterol granulomatosis (in an adult) with a review of 
the pathology and histogenesis of the disease. That the lesion 
primarily involves a lipoid-free granuloma was first claimed by 
Ceelen and by Letterer (1933), later by Heine and Gerstel, and since 
by practically all pathologists Avho have had occasion to examine 
such cases. 

The cases reported by Gerstel and Watjen are particularly 
illustrating. After thorough study of a case previously reported 
by Ceelen, in particular through careful examination of the entire 
skeleton of a patient with classical Schuller-Christian’s disease (a 
girl, 2 34 years old), Gerstel found that the small, fresh foci in the 
skeleton are granulomas wthout foamy cells, whereas only »Herde 
in vollem Umbau» are filled with foamy cells, and that older foci 
show evidence of healing with fibrosis. The bone changes arc 
described by Gerstel as »zerst6rend vordringende Granulome mit 
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erst spater eriolgender Lipoidablagerungi). He demonstrated simi- 
lar changes in the entire reticulo-endothelial system, in the liver, 
spleen and lymph nodes. 

In Wiitjen’S case — a boy, 10 months old — a large granuloma 
was found in the ja-<V, and another in a rib. These granulomas 
Were typical xanthomatous granulomas with foamy cells, but also 
with granulation tissue with many eosinophils; and fat cells were 
found too. Diffuse changes of a similar character were demonstra- 
ted in the bone marrow, though without any particular destruction, 
of bone. Finally, the skin was the site of innumerable confluent 
ulcers (which had dominated the clinical picture), which histologic- 
ally showed granuloma-like accumulations of large reticulum 
cells, but no foamy cells. 

Tissue cosinophilia plays a great role in a number of previously 
reported cases of Schullcr-Christian’s disease — c.g., Henschen’s 
Case rr, in which the first histological examination showed granu- 
lation tissue with numerous polymorphonuclear eosinophil leuco- 
cytes, and Heine’s case, in which the examination of 2 osseous 
foci, in the femur and in the frontal bone, that hardly contained 
any foamy cells but myriads of eosinophils, led primarily to the 
diagnosis, atypical lymphogranulomatosis. These and other au- 
topsied cases show various transitions between lipoid-free granu- 
lomas and typical xanthomatous tissue.. Watjen found fat-free 
•and fat-containing granulomas side by by side, and Gcrstcl Suggests 
that in the early stages of SchuIIcr-Cliristian’s disease We meet 
with primary lipoid-free granulomatous processes which subse- 
quently may take up lipoid and thus form the fully developed 
foamy-cell granuloma. 

It really seems strange that the American investigators who 
have elucidated the clinical aspects of the eosinophil granuloma 
of bone and studied its histology thoroughly insist so strongly upon 
differentiating it from Schuller-Christian’s disease, while the Ger- 
man authors, who have emphasized the primary granulomatous 
nature of Schuller-Christian’s disease — a view to wdiich no Ameri- 
can appears to subscribe — seem not to be acquainted witli the cli- 
nical picture of the solitary eosinophil granuloma of bone, Alilstrdm 
& Welin (1943), in Sweden, are the first to ventilate the possibility, 
that the two clinical entities may have something to do with eacli 
other, although they do not wish yet to commit themselves on the 
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question whether or not. the eosinophil granuloma of bone is a 
disease sui generis. In a work cited by Ahlstr6m& Welin, but inac- 
cessible to us, by Green & Farber, entitled »Eosinophilic or Soli- 
tary Granuloma of Bone# (J. Bone & Joint Surg., July 1942), 
comprising 10 cases of the lesion in children under 12 years, these 
authors advocate the view that the so-called eosinophil granuloma 
is a particular form of Schiiller-Christian’s disease. 

In Ahlstrom & Welin’s own case the patient was a boy, 1 14 
years old, with multiple foci of skeletal destruction and roent- 
genological signs of infiltrations round the right kidney. The 
changes developed Successively during 3 years, but they all healed 
under X-ray treatment. Histological examination showed a tumor- 
like eosinophil granuloma without foamy cells. 

Our 5 cases show, however, that there exists a quite gradual 
transition from the »solitary eosinophil granuloma of bone# to the 
fully developed Schiiller-Christian syndrome. Case 5 is particularly 
illustrating, as here a clinically and roentgenologically estab-' 
lished instance of Schuller-Christian’s disease — With multiple foci 
of bone destruction, diabetes insipidus, inhibition of growth and 
presumably visceral manifestations — on microscopic examination 
of three osseous foci (in the skull, mandible, and scapula) showed 
each time the morbid picture without foamy cells characteristic 
of eosinophil granuloma. 

So there seems to exist a . number of forms of manifestation' of 
this disease, from a solitary granuloma to the generalized form — 
forms which individually may make their appearance with or 
without lipoid accumulations in the form of foamy cells. The diffe- 
rent forms of manifestation are given schematically in Table 2, 
together with an autopsied case (Henschen’s Case II). 

After this, the concept »eosinophiI granulorhas may hardly 
be maintained as a nosological entity but has to be taken as a not 
altogether infrequent, clinically monosymptomatic, form of Schiil- 
ler-Christian’s disease, which most often heals without becoming 
generalized, while in rare cases it is generalized and then often 
accompanied by other classical symptoms from' the triad characte- 
ristic of Schuller-Christian’s disease: multiple cranial defects, 
exophthalmus, and diabetes insipidus. 

Schuller-Christian’s disease, then, is a lesion of far greater 
frequency and better prognosis than generally assumed, the osseous 
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Table 2. 


Schcmalic Survey of Manifesfalions of tEosinophil Granuloma of Bone» 
ScbuHcr-Chrisdan’s Disease. 


1. Soliarj' 

2. Multiple 

3. » » 


4. » » 

5. Generalized development of 
eosinophil granuloma 


with Toulon cells and signs 
of beginning lipoid phagocy- 
tosis. 

with xantlioma tissue, 
without lipoid, together with 
diabetes insipidus, dwarfism 
and changes in lungs and 
skin. 


eosinophil granuloma without lipoid. 

t> 


Case 1 
Case 2 


Case 3 
Case 4 


Case 5 


C. Generalized form 'Schailcr- With eosinophil lipoid-free 
Christian's disease) granuloma in skull, but ex- 

tensive visceral xanthomato- 
sis, exophlhalmus. Henschen’s 

Case II 


foci as a rule healing rather rapidly under X-ray treatment. After 
this, local surgical measures must be looked upon as dircctlj’’ 
contraindicated. It will be of deci.sive importance, therefore, to 
make a sure diagnosis, and as a rule this should be based not only 
on the entirely clinical findings but also on the histological exam- 
ination of material from a focus obtained by biopsy. 

From the literature it is .plainly evident that previously the 
biopsy, findings have been misleading in many eases of Schullcr- 
Christian’s disease. This was chiefly due to the erroneous but 
widely accepted view that this lesion always is associated with 
xanthomatous transformation of the tissue. In this way, histo- 
logical pictures like the ones described in our cases have been mis- 
interpreted as tumor (myeloma, Ewing’s sarcoma), lymphogranulo- 
matosis, etc. 

Here we have to keep in mind that in the present cases the 
moiphological examination has been limited to osseous foci. From 
Henschen’s and other authors’ accounts of the findings in cases 
examined post mortem it is evident that practically lipoid-free 
granulomas of bone may very well be associated with extensive 
xanthomatous changes — for instance, in the perirenal adipose 
tissue. 

21 — Acia med. seandipav. Vol. CXVIII. 
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Benard decrivit une epidemic dans I’Hopital Militaire de Ver- 
sailles en 1921, pendant laquelle 291 soldats eurent la rubeole et 
168 soldats la rougeole. Parmi les malades souffrant de la rubeole, il 
constata 13 cas od le systeme cerebro-spinal etait atteint. 

Le 6e et le 7e Jour apres Texantheme on constata chez 4 liom- 
' mes tout a coup une forte fievre, du mal de tete et le symptome de 
Kemig. Dans I’liumeur lombaire on trouva 15 a 25 lymphocytes 
. par mm^. Le lendemain de ces symptomes les malades se sentaient 
bien et se retablirent completement. 

Dans 3 cas les symptomes de la meningite durerent 3 jours, puis 
les malades guerirent. 

Un des soldats eut soudain le 6e jour, une meningitic qui dis- 
parut le lendemain et qui revint le 3e Jour (forme remitente); 
elle fut sujvie egalement ici d’une guerison complete. 

L’auteur constata egalement un cas de omeningite a poussees 
multiples# pendant laquelle dans un delai de 30 jours il y eut 6 
attaques caracteristiques de meningite alternant avec des periodes 
pendant lesquelles il n’y avait aucune plainte. 

Un des malades eut une meningomyelitie accompagnee d’une 
paralysie ascendente du type Landry, le 4e j'our apres I’exan- 
tlieme; 3 j'ours apres il succomba. 

Ciiez tous les malades on avait trouve surtout des lymphocytes 
dans riiumeur lombaire, j'amais on n’y trouva des microbes, les 
bouillons de culture resterent toujours steriles. Pendant cette 
epidemic, qui ne fit que des victinies parmi les adultes, on est 
frappe par le grand nombre (4 1 /, %) de complications neurologi- 
ques. On ne fit pas mention de complications chez les soldats souf- 
frant de rougeole. 

Briggs decrit une grande epidemie de rubeole, qui eut lieu a 
St. Paul Minn., pendant I’liiver de 1935 et qui frappa tout aussi 
souvent des adultes que des enfants. Il constata chez un garcon 
de 10 ans, 2 jours apres I’exantheme, tout a coup une aphasie mo- 
trice accompagnee d’un nystagmus lateral, d’une paralysie partielle 
du bras droit et de mouvements reflexes pathologiques de la jambe 
droite. 

Dans I’humeur lombaire on trouva 51 cellules par mm^ (98 % 
de lymphocytes). L’enfant mourut le lendemain. Pendant I’autop- 
sie on tronva des petechies dans la substance blanche, surtout a 
la base du cerveau. Dans le microscope on vit en beaucoup 
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fibrils. In presenting these features — as emphasized especially 
by Lctterer — lipoid granulomatosis differs from genuine reticulo- 
sis and has to be looked upon as an inflamniatory, granulating 
process, strictly connected wth the vascular and connective tissue 
system. This is evident from pathologic-anatomical studies on 
autopsied cases vdth spreading of the lesion to various organ sys- 
tems where such processes arc seen to progress along the blood 
vessels with granuloma formation in the adventitia — c.g., in the 
bone system (Gcrstcl) and the central nervous system (Tcilum). 

Besides new-formed capillaries and collagen fibrils, the granu- 
loma phase presents numerous polymorphonuclear leucocytes, 
most of which are eosinophils, and also plasma cells. Further, 
reticular cells and histiocytes assume the character of macrophages 
vdth markedly vacuolized protoplasm and beginning lipoid phago- 
cytosis; besides, considerable amounts of hemosiderin arc often 
present, partly free, partly taken up by phagocytes. At the same 
time the tissue becomes more loose in structure, spongy. Often 
transitional forms arc seen between macrophages and polynuclear 
small and large giant-cells, both typical Teuton cells with marginal 
nuclei (Fig, 3), and cells resembling osteoclasts (Fig. 5), of which 
at any rate the former have to be taken ns evidence of lipoid phago- 
cytosis even though no tj-pical xanthoma cells have made their 
appearance yet. Only the last-mentioned cells give the typical 
picture of the 3) xanlhoma phase (Case 4, see Fig. 6), which again 
may go on to a d) jihrous stage when the process is healing. 


Summary. 

1. Report is given of 5 cases of the so-called »eosinophil granu- 
loma of bone)), in children aged 2 — 9 years, presenting clinic-sym- 
ptomalogically as well as morphologically a gradual transition to 
the fully developed Schuller-Christian’s syndrome. 

2. Clinically transitions were formed from the solitary »cosi- 
nophil granuloma)) through cases with several osseous foci to a 
generalized case with innumerable foci in the bone system together 
vith diabetes insipidus, disturbance of growth and roentgeno- 
graphic changes in the lungs. In Several cases where, the disease 
commenced as a solitary granuloma, continued observation has 
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revealed additional foci, so that in our material tlie number of 
foci increases with the length of the observation period. 

3. Morphologically transitions were demonstrated from the 
lipoid-free seosinophil granulomas through granuloma with begin- 
ning lipoid phagocytosis with Teuton cells to entirely xanthoma- 
tous tissue. 

4. After this, the concept .»cosinophiI granulomas can no longer 
be maintained as a nosological entity but has to be considered a not 
altogether infrequent clinical monosymptomatic form of Schuller 
Christian’s disease that often heals without becoming generalized. 

5. Complete agreement is demonstrated betw'een the various 
histological pictures in the cases of seosinophil granulomas here 
described and the various histogenetic phases of Schullcr-Chris- 
tian’s disease that may be characterized as follow's; 

1. The h^'pcrplastic-prolifcrativc phase. 

2. The granuloma phase. 

3. The xanthoma phase. 

4. The fibrous (or healing) phase. 
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{Chief: H. J. Scliou, Chief Physician, M. D.) 


of 


Electrocardiographic Observations during intra- 
venous Injection of Acetyl Choline, 

By 

AKSEL STIGAARD. 

(SubmiUed for puhUcalion April 5, 1044). 


During ilic w'ork wiUi acclyl cliolinc shock Ircntmcnl of schizo- 
phrene patients in the ScLUement of sPiuladclphiaD we have liad 
an opportunity to investigate the effect of larger and smaller doses 
of acclyl choline on the heart and circulation, among oilier things 
as it appears clcctrocardiograpliically scon. 

Already years ago tlic effect of acclyl choline on the heart and 
the circulation generally has been the subject of mentioning in the 
literature (Hunt and Taveau UlOG, Dale HIM). Eleclrocardio- 
graphic obscn'ations after intravenous doses in human beings on 
the other hand have only been slated by a few authors, first 
Podomoro 1932, later Carmichael and Fraser, Nielsen and Trier, 
Serena and others. As the results obtained by us in certain points, 
deviate from and in other points support the publications of these 
authors, and thus the question still seems to contain problems, tlic 
present statement may perhaps count on interest. 

Hunt and Taveau in 190G demonstrated, that acetyl choline 
injected into the circulation of mammals has a strong depressive 
effect. Later on Dale pointed out, that the effect of acetyl choline 
very nearly corresponds to the effect brought about by a stimula- 
tion of the parasympathetic nerves; after an intravenous dose the 



314 


AKSEl, STlGAAim. 


blood pressure decreases and a reduction in llic frequency of tlie 
heart action appears. This inhibilorj' effect only endures for a 
fe^s' seconds and is followed by an increase in the blood pressure 
and the frequency to above the original ones. The vasodilation 
still persists after the inhibition of the frequency has slopped. The 
reaction may be reproduced at anj-- time. Injected into the vaso- 
motoric system the acetyl choline is almost immediately hydro- 
lysed by the specific esterase present everj^vhere in blood and 
tissue. 

Carmichael and Fraser (1933) have by intravenous injections 
in human beings confirmed Dale’s animal experiments regarding 
the reduction of the heart frequency and fall in blood pressure and 
has shovTi, that this holds good both of the systolic and the diasto- 
lic blood pressure. Also in human beings the effect is of a very brief 
duration, in the experiments in question a few seconds, and is 
followed by a rise in the blood pressure and an increase in the 
frequenc}'. Tlie effect of a certain dose varied in different test per- 
sons, and might entirely fail to appear after a pre\dous injection of 
atropin, on the other hand not after a previous injection of adre- 
nalin. Eserin intensified the effect and protracted it somewhat. 

The doses used in the works reported here and in other w'orks 
towards human beings must be characterized as moderate ones. 
Tlie effect of large intravenous doses, thus as the substance is emp- 
loyed for acetyl choline treatment ad modum Fiambcrli has been 
described by Fiamberti and by Waal and in a prc^^ous report from 
the Settlement of »Philadelphia» (Poort and Stigaard: »On the 
Treatment of Schizophrenia wdtli Acetyl Choline Shock»). Tlie 
effect corresponds in all essentials to a universal parasymphathetic 
irritation, but is, however, complexically composed, as also dis- 
tinct sympathetic reactions appear, wdiich may be connected vatii 
the fact, that the impulse from many sympathetic nerve fibres 
are conducted by m.eans of acetyl choline, not »sympatinj>. Of typi- 
cal sympathetic phenomena may thus be mentioned contraction of 
the pilomotor cells (»goose flesh»). 

Also as regards the parasympathetic inner^'ation of the heart 
and the effect of acetyl choline on it, there is the difference, at any 
rate on dogs and cats, as stated by Goldenberg and Rothberger, 
that the sinus rhjiihm in these animals is far more easily affected 
by doses of acetyl choline than by irritation of the vagus. Acetyl 
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choline doses, which were able to cause stagnation of the atriums, 
profound conductory disturbances in them or auricular fibrillation 
and complete interruption of the conductor on the atrio-vcntri- 
cular border, had only an inconsidci'able effect on the sinus rhythm. 
However, it must be remembered, that there is a quantitative 
difference in the irritation of the right and the left vagus, as the 
right one in warm-blooded beings shows a strongly negative chro- 
notropia, which is quite missing in the left one. There seems to be a 
tolerable agreement between the cJfect on the heart by irritation 
of the left vagus and by doses of acet3d choline. 

In certain cases the 2 vegetative nerve systems alternate in 
preponderance during the expansion of t]ic effect, thus for in- 
stance both as to the Idood pressure and the frequency, where after 
a previous fall in both cases is seen a rise in the values, which arc 
often placed higher than the original ones; this is probably due to 
a reflex effect via sin. carotic. or the root of aorta. 

Tlic fact that an intravenous dose of acetyl choline thus is not 
identical vith an universal paras^mrpathctic irritation is quite 
clear and demonstrated both by elder and younger authors (liunt, 
Carmichael and Fraser, Goldcnberg and Rothberger, Waal, Poort 
and Stigaard). This of course docs not exclude, that the acetjd 
choline and Dthe vagus substance# arc identical, possiblj’’ chemical 
substances, which arc very closely related to each other. 


The fact, that the idea of intravenous injection of large doses 
of acetyl choline to human beings for a long time caused heavy 
misgivings, was probably due to tjic fear of a fatal heart stoppage, 
eventually permanent damage to the myocardium. The state of 
the heart caused by larger doses must also be characterized as 
a quite unphysiological state, principally different from the nor- 
mal diastole of the heart. The main difference is, that tlie coronary 
circulation under the effect of the acet^d choline in such doses is 
suspended, while at the same time the intracellular ossimilatoric 
and dissimilatoric processes are continuing in a more or less altered 
shape. As appears from the acetyl choline shock treatment this 
state is tolerated surprisingly well, at any rate Avithin certain limits. 
According to about 5,000 acetyl choline shocks with a total stoppage 
of the heart for y^—l minute reported in the literature, the heart 
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action ^and tlie respiration) l)as every time promptly and sponta* 
neously returned except in one single case reported by Waal, where 
artificial breatliing had to be given for some lime. Tire doses emp- 
loyed for acetyd choline shocks are as mentioned rather high in com- 
parison to these mentioned in the works cited above; maximally 
we have here in the settlement of sPhiladelphiaa reached to 1.0 
g intravenously. 

During the shock treatment we have seen, that the pulse a few 
seconds after a suitable dose becomes insensible to the touch, the 
heart action (the respiration possibly too) seems to have been to- 
tally suspended. Tlie fact, that the heart (and the diaphragm) are 
really put out of function, is demonstrated by Waal by x-ray trans- 
lumination of the thorax during the shock. The blood pressure, both 
the systolic and the diastolic one, falls quickly, and soon they are 
immeasurable by the ordinary stethoscopic judgment- on account 
of the cessation of the beat of the pulse. We have made no attempt 
to measure directly the pressure in the arteries. Wlien the blood 
pressure after the return of the heart action again is controllable, 
it is strongly decreased, the systolic one reduced by 30—60 mm 
hg, the diastolic one often below 30 mm bg. Both the systolic and 
the diastolic action, however, have a strong tendency to rise to 
normal values or to values, which are often 2 — 4 minutes after 
the attack placed 10 — ^20 % higher than the habitual one. A 
couple of examples: 



j-ears 

dose 

habi- 

tually 

belorc 

inject. 

after 

1 min. 

IVz 

2 

3 

4 

5 

6 

12 

H. B. 

n^i 

0.7 

115/75 

140/80 

110/55 

llll 

130/70 


130/70 

120/75 


■ 

E. K. 


0.7 

120/80 

130/80 

70/40 

100/50 

100/50 

WSM 

105/60 


115/7.5 


M.W. 

31 

0.1 

100/60 

120/80 

100/45 

110/50 

100/65 

100/70 

105/70 

100/65 


110/6 


The electrocardiographic changes after giving of acetyl choline to 
animals have been investigated among others by Lueken and Schutz 
and Goldenberg and Rothberger. The former in working rr'ith 
frog’s hearts found, that the acetyl choline effect shortens the cir- 
cuit of action strongly; the change is spontaneously reversible. 
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Goldenberg and Rothberger, who have made thorough animal 
experiments, demonstrated in dogs as the first appearing change a 
Weakening of the auricular contraction and a corresponding tj'pical 
change in the P-wave of the electrocardiogram. By larger doses an 
auriculo-ventricular block and conductionary' disturbances in the 
atrium, appeared, while the sinus rhy'thm was scarcely affected. 
Still larger doses caused auricular fibrillations. No weakening of 
the contraction of the ventricle appeared; on the other hand sup- 
pression of the formation of irritants in the alrio-ventricular node,, 
so that by an auriculo-ventricular block a ventricular standstill 
might arise. After cutting through the bundle of His (or both bran- 
ches) tjic automatical ventricular rliylhm became somewhat slower. 
The initial complex of the electrocardiogram remained unchanged, 
on the other hand a depression of the S-T segment was seen, — In 
cats and dogs no suppression in the formation of excitation in Die 
alrio-ventricular nodus, so that one by a com,plete auriculo-vcn- 
tricular block now and then had the possibility of interference bc- 
tv'cen the sinus rhytnm and the more slow auriculo-ventricular 
rhyllim (interference dissociation). This shows, that the place of 
the block is aliovc the source of the impulse in the auriculo-vcn- 
tricular node. Towards the atrium muscle stripes acetyl choline 
was found to have an at any rate preponderatingly negative ino- 
trop effect, to a smaller degree a negative ciironotrop effect. On 
isolated heart — lung preparations from dog acetyl choline caused 
a reduction in the volumen per minute. 

Electrocardiographic investigations of the effect of acetyl 
choline on human beings seem first to have been made by Pomo- 
doro (1932), who demonstrated changes in the cardiac rate; in 
patients with circulary' affections, further lengthening of the P-R, 
atrio-Ventricular block and protracted smspension of the sinus 
rhythm. Several authors have found flattening of the T-wave and 
shortening of the relative Q T duration. Nielsen and Trier by the 
relatively small doses of. 15 — ^35 mg intravenously obtained brady'- 
cardia, a relative shortening of Q-T, flattening of P in lead If and 
III (in case of pronounced bradycardia, otherwise not), no changes 
in T or P-Q, 

Arturo Serena, who, just as wc, has occupied liimsclf with elec- 
trocardiographic investigations during acetyl choline shock treat- 
ment ad modum Fiambcrti, has taken electrocardiograms partly 
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in connection with the individual shocks, partly before andaftera 
more protracted shock cycle, in most cases consisting of 40—50 
individual treatments. He points out the difficulties connected Avith 
taking of electrocardiograms after giving of substances, which, 
as for instance acetyl choline, cause more or less unrest in the 
muscles, possibly spasms. Even after smaller doses of acetyl cho- 
line disturbances are often appearing in the curve on account of 
coughing, which unfortunately appears at a time immediately 
after injection of the dose, when the look of the electrocardiogram is 
particularly interesting. Tlie author points out the analogy exis- 
ting between strong acetyl choline effect and Morgagni-Adam- 
Stoke’s syndrome: in both cases appear unconsciousness, cessation 
of respiration and muscular spasms, when the standstill of the 
ventricle has exceeded a certain time limit, and in both cases these 
symptboms disappear as soon as the action of the ventricle starts 
again. Tire reduction in the cardiac rate was dependent upon the 
size of the dose and the rate by wiiich it is injected into the venous 
system. 

As the purpose of Serena’s work was to demonstrate possible 
damage to the myocardium caused by the acetyl choline, the author 
before the cure has examined the electrocardiogram at rest in 
the three extremity leads and one chest lead; further continuous 
registration in lead II both in cases, which only appeared as »bur- 
rasca vascoIare» (vascular sstorms) i.e. cases without loss of con- 
sciousness and vdthout muscular spasms as well as fully developed 
shocks; the recording is not concluded until the normal cardiac 
rate has been restored. Further electrocardiogram has been taken 
every 2 minute in all extremity leads for the first 25 minutes after 
the conclusion of the shock. Finally rest-electrocardiograms has 
as mentioned earlier been taken after the conclusion of the whole 
shock cycle. 

Altogether 13 of the patients have been watched in this manner. 
The investigations showed, that the electrocardiograms at most 
16 minutes after the stoppage of the muscle spasms is again com- 
pletely normal, both as to sinus impulse, duration of the atrio- 
ventricular conduction, the P-Q segment, the look of the initial 
complex, the S-T segment and the terminal deflection.. Inversion 
of the T-waves has never been observed, neither during the shocks 
nor afterwards. In some cases the S-T was depressed for some 
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minutes, however, not to such a degree, that any importance 
might Im attributed to it. After small acetyl choline doses, which 
only caused »burrasca)), the electrocardiogram has been normal 
in the course of at most 5 minutes. After a complete shock cycle 
the electrocardiogram has shown no changes that might be attri- 
buted to the treatment, that means that the recordings before and 
after the treatment have been identical. 

In the same manner Waal had taken an electrocardiogram a 
few times before and after the acetyl choline shocks and has found 
no permanent changes. Even when the collapse seemed to be 
catastrophic, the electrocardiogram has showm no anomalies 
aftervi'ards. 


Own observations. 

For those a Siemens — Einkoffer electrocardiograph has been 
em.ployed. The patients have always been placed in a lying posi- 
tion during the registration. Acetyl choline i>Roche& in dry am- 
pullae of 0.1 g have been used. The substance has been dissolved 
in 1 or 2 ml of sterile water, out of regard to the speedy destruction 
the Solution has been produced immediately before the use. Tlie 
injection has been made in an elbow Venc as quickly as possible, and 
vith a view to the esterase activity care has been taken not to 
aspirate more blood into the syringe than absolutely necessary- in 
order to secure the intravenous placing of the canula. 


1. Acetyl choline in doses causing no shock. 

Figure 1 shows electrocardiogram, lead 11 from 19 years old 
man, N.O., who before this had a normal electrocardiogram, action 
90 (psychic tachycardia). 0.08 g of acetyl choline has been given 
dissolved in 1 ml water. Tliis is a dose which was unable to cause 
any shock in this patient, but large enough to show the effect of 
acetyl choline on the heart action (sburrasca vascolare»). 9.3 
seconds after the injection appeared, as shown by the curve, rather 
suddenly a reduction in the rate of the heart to pronounced bra- 
dycardia, in which QRS are normal as before the injection, the P- 
waves somewhat lower, the T-waves somewhat higher. During 
5—6 seconds the rate evenly works itself up to the normal level 
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Of practical reasons the curve' cannot he slio^Vn in full extension: 
instead a reduced diagram is included (about 1; 4), in which the 
R-waves are indicated. 

Altogether 20 such experiments have been made on 13 patients, 
which did not previously offer any clinical signs of morbus cordis, 
and whose rest-electrocardiograms registered immediately be- 
fore Were normal except in three cases, where they offered left axis 
deviation (2 cases) and Wolff, Parkinson and White’s syndrome. 
Lead II has been used, in a single case, however, lead I. 5 minu- 
tes after the dose one has taken a new rest-electrocardiogram in 3 
extremity-leads; in 4 cases at the beginning of the series of experi- 
ments this, however, was omitted. Doses from 0.05 to 0.18 g of 
acetyl choline Were employed. 

Tlie effect obtained from a certain dose was different from 
one patient to another. In the individual patient the effect was 
dependent upon the size of the dose. In 5 cases (in 3 patients) no 
electrocardiographic changes were seen. The rest-electrocardio- 
grams of these patients did not otherwise offer any typologic com- 
mon features. 

In the cases, when inhibition of the cardiac rate appeared, this 
set in 2.2 — ^22.3 seconds after the injection and endured for 5.2 — 
41.0 seconds, often followed by a briefly lasting tachycardia. 

In the bradycardic stage (15 cases) the curves have shown the 
P-Waves in 10 cases more flat, in 5 cases unchanged as before the 
dose. The P-Q duration unchanged, the T-waves in 10 cases higher 
in 1 case lower, in the remainder of the cases unchanged. 

In the tachycardic stage (in the 12 cases, where such ones 
appeared) the P-w'aves in 6 cases were more flat, never higher, 
P-Q of normal length except in 1 case. Where a shortening appeared, 
the T-waves in 5 cases higher, in 3 cases lower, in 4 cases un- 
changed. 

Measuring, of the relative Q-T (calculated after the formula of 
Larsen and Skulason) has given strongly varying results, the for- 
mula may probably only be employable within certain upper and 
lower frequency limits. The QRS complex has in most cases been 
unchanged as to duration and the size of the individual waves. In 
a few takings, however, the R-waves have varied somewhat in size 
as they have been both greater and Smaller, without conformity to 
any law hartng asserted itself. The S-waVes have, likewise been 
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of a slightly varying size. These changes in QRS have constantly 
been wthin the limits of the normal. In a single record with short- 
lived bradycardia appeared quite isolated a punctual, but in shape 
strongly deviating, low sstridingn initial* complex of the duration 
of 0.13 seconds, preceded by normal P-Avave and normal P-Q-dis- 
tance. Such conductionary disturbances in the ventricles without 
any previous deviation in the conduction of the atriums liave also 
been found in the later experiments but otherNsise theyarc a rare 
phenemenon. The S-T segments have in all cases had a normal 
appearance.. 

In 5 cases the bradycardia has been diAuded into parts by an 
intermediary section Avith a quicker action up to the frequency of 
70 (compensatory sympathetic effect, released from sin. carot. or 
the root of aorta?). 

In 1 case appeared somewhat later in the tachycardian stage 
first tri- and diphasic, then purely negative T-AA'aves (lead IT), 
the change appeared to be of a transitory^ nature and AA'as not 
accompanied by subjcctiA’'c or objective inconA^eniences from the 
heart. As regards the cause of such transitory negative Tg-waves 
the same considerations must be made, I suppose, as mentioned by 
NoTskoA’' in a very similar work on the electrocardiographic chan- 
ges after metrazol shocks, namely that the negativity may be due 
to 1) coronary insufficiency e.g. on account of anoxemia, low 
blood pressure or spasms, 2) preponderance of the sympathicus; 
after Nordenfeldt’s and other’s opinion preponderance of the 
sympathicus may be able to cause this change. Tliat the sympa- 
thicus is preponderating may among other things be seen from the 
tachycardia, which in this case w'as rather pronounced. 

In 2 cases (0.1 and 0.2 g of acetyl choline in the same patient) 
a shortliving total block was seen for 4 — 6 seconds AAOth a com- 
plete suppression of all actiAuty of the A’-cntricle, so that only the 
isolated P-waves are to be seen; in one of the cases appeared after- 
wards arhylhmias and a feAA”^ cxtrasystoles of ventricular or atrio- 
ventricular origin; in the other case the block AA'as concluded by a 
few strongly deformed ventricular complexes. In these electrocar- 
diograms appeared a fcAV times 1 — ^3 supernumerary' P-AVaves as a 
preliminary of auricular fluttering. . 

In 1 case the frequency fell from 80 to 16, increased a little, but 
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then went over to auricular fibrillation with rather quick irregular 
ventricular rate, which continued for nrore than 25 minutes after 
the injection; by registering 2 days later (the patient had left in the 
meantime) the electrocardiogram Avas again as before the experi- 
ment. 

In patients with Wolff, Parkinson and \V]iite’s syndrome 
hightened and lengthened Tg waves appeared during the brady- 
cardia, either with two humps or Avith plateau formation at the 
top. The P-Q conduction .time was unchanged; QRS (lead II) 
which originally lasted for 0.14 — 0.16 seconds and had no inde- 
pendent Q- and S-waves was shortened to 0.09 seconds Avith small 
positive Q- and S-Avaves. 

In the other 14 cases, in Avhich electrocardiograms have been 
registered 5 minutes after the injection, this has been normal. 

In these cases there has been no question of muscular spasms or 
unconsciousness; any pronounced pallor of the skin has not ap- 
peared, on the other hand a strong hyperemia particularly in the 
face Avith a subjective feeling of heat a couple of minutes after the 
time, when the cardial phenomena had played themselves out. 

II. Electrocardiogram during a completely 
developed shock. 

On 4 schizophrene patients AAUthout any sign of heart affection 
continuous electrocardiograms, lead 11, have been taken 11 times 
before, during and a little after the fully developed shock. In 1 
case the conduction time in the rest-electrocardiogram, however, 
was 0.23 seconds. Doses from 0.1 to 0.7 g of acetyl choline have been 
used intravenously. 

After a latent time of 1.4 — 1.7 seconds a short retardation has 
occurred in the cardiac rate, and then a complete standstill of the 
heart action, which measured on electrocardiogram lasted for 
14.5 — 37.1 seconds. Under this the patient has been totally un- 
conscios, in most cases the respiration was suspended for 10 20 
seconds. 

After the pause the heart action always commenced again spon- 
taneously; often first by a single beat Avith intervals of seconds, but 
Avith CA^enly rising frequency, as mentioned previously, often to 
values placed a httle above the original ones. 


ELECTROCAUDIO GRAPHIC OBSERVATIONS BORING INTRAVENOUS ETC. 32S 

In the bradycardic stage the P-vvaves have l)een more flat or 
dipliasic or unchanged or liave been missing (a-v-rlij^thm), the 
P-Q prolonged or unchanged, the T-waves in all cases higher; 
Q-T in 6 cases out of 11 shortened, in 2 cases lengthened, in other 
cases unchanged. S-T-segments in 4 cases lightly depressed, in 
other cases unchanged. Tlic R-waves often lightly hightened and 
somewhat varying. 

In the tachycardia stage (in 7 cases, where such ones appeared) 
the P-waves in 3 cases have been more flat, in 3 cases unchanged, 
in 1 case there was auricular fibrillation. P-Q .shortened in 
5 cases even very considerably, in 1 case unchanged, in 1 case 
there was auricular fibrillation; the T-wavc was in 6 out of 
the 7 cases hightened, in 1 case unchanged. Q-T relatively 
lengthened (after Larsen and Skulason’s formula) in all 7 cases; 
S-T-segment in 3 cases out of 7 slightly depressed, in 4 cases 
unchanged. Figure 11 shows electrocardiogram before and after 
the shock. 

In 6 cases, whereof 5 cases originating from the same patient, 
an a-v-rhylbm regularly appeared after the pause, in 1 case with 
transition to auricular fibrillation; in another case some extrasys- 
tolcs appeared, in a third case coupled cxtrasystolcs. In 1 case 
from anotlier patient the curve offered temporarily only regular 
P-waves in a low rate after the pause with a complete suppression 
of the impulse to the ventricles. In 1 case a couple of regular 
complexes appeared in the middle of the pause at intervals of 1.4 
seconds. In 1 case the action. Just after the standstill of the heart, 
was slightly arhylhmic. 

In 10 cases rest-electrocardiograms have been taken 10, 15 or 20 
minutes after the attack; these records have offered no abnormality 
and on the whole had the same appearance as the electrocardio- 
grams before the attacks, however, Pg was in 3 cases respectively 
isoelectric, diphasic and of changing appearance, but positive — be- 
fore the attacks in all 3 cases normal. Tg in 2 cases diphasic, in 1 
negative against previously normal. In 1 case the electrocardiogram 
has been watched every y, hour for 2 hours after the attack; 1 hour 
after it a temporary diphasic Tg appeared, otherwise the emwes 
have been like those before the attack. 
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III. The electrocardiogram before and after the 

shock cycle. 

In 21 schizophrene patients in the age of 17 to 56 years, who 
have been exposed to a more protracted acetyl choline shock 
cycle (17 have recieved 15 fully developed shocks each of them, 4 
respectively 24, 13, 10 and 6) electrocardiographic examinations 
have been made before the cycle Cm 2 cases, however, it had to be 
excluded on account of unrest; the electrocardiograms Were nor- 
mal after the treatment in tlicsc 2 cases) and some time after their 
conclusion, most often for 14 days, AVith a view to a more protracted 
possibly at a later stage appearing changes. In the treatment doses 
of up to 1.0 g acetyl choline has been used intravenously. 

Before the treatment the 14 electrocardiograms were normal, 
2 showed left axis deviation, 1 offered Wolff Parkinson and WOiite’s 
syndrome, 1 had small excursions in all leads (l)elow 0.5 mm) 1 too 
higli Ro and R3 (0.25 and 0.20 respectively); no one of the 21 pati- 
ents had any clinical signs of heart affection. All patients tolerated 
the cure avcII, did not at any time offer any signs of affection of the 
heart of the circulation, neither after the conclusion of the cure. 

At the examination of the patients after the treatment the elec- 
trocardiograms of the 15 patients were like those before it; the 
elcctrocardiogram.s with too high R-waves had become normal. 
In 3 cases the P-Q was lengthened and above, what is permissible 
(0.25, 0.25 and 0.26 seconds respectively); in the control registra- 
tion taken 2 — 3 months later it appeared, that this anomaly had 
disappeared. The electrocardiogram, which offered Wolff, Parkin- 
son and ^^^^itc’s syndrome Avas quite unchanged after the cure. 


If tlic results of the 3 series of experiments are compared, one 
must agree to Serena’s proposition — even if this researcher’s in- 
vestigations are chiefly of 0 ncgatiA^e nature — that tlie large doses 
employed in the acetyl choline treatment do not cause any per- 
manent changes in the electrocardiogram, to say nothing of damage 
to the myocardium. 

In contrast to this author and in agreement Asoth many others 
(Pomodoro, Landau, Nielsen and Trier and. others) it has been 
proved by our experiments, that the substance is able to alter the 
2Z — Ado med. scandinav. Vol. CXVlll. 
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electrocardiogram, on the. whole as it, might, he expected, -when 
taking for granted, that the effect of acetyl choline just as the effect 
of the vagus is preponderatingly localized to the atriums. Nearly 
all authors agree with regard to the bradycardia and the flattening 
of the P-waves likewise that the initial complex of the electro- 
cardiogram is of normal appearance. Less agreement -mth the 
authors mentioned have we found with regard to the Q-T-duration 
and the S-T-segment, and in complete contrast to all the authors 
cited we have found the highiening of the P-ivavc at the bradi/- 
cardiac stage to be a. phenomenon that is practically cohstanl. Tlie 
cause of this latter disagreement may probably be sought for in 
the fact, tiiat We have used far larger doses. Likewise in contrast 
to most authors we have proved, that in many cases in human 
beings — as demonstrated previously in animals — complicated dis- 
turbances of the conduction appear during the passage of the 
impulse through the conducting system; thus there may also in 
human' beings appear complete .suppression of the' impulse in the 
atrio-ventricular nodus or appear abnormal »pacemakers>, at 
other times so severe conducting disturbances in the atrium, that 
they manifest themselves in auricular . fibrillation - with rather 
quick heart action. Even in our ;comparatively sparse material 
We, as appears from the above, have seen many examples of such 
disturbances. 

Of course it must be deliberated, whether the changes found 
are primary effects of the acetyl- choline or — -wholly or partly — 
may be secondary ones, caused by myocardial anoxemia, which 
-probably to some degree arise during the standstill of the heart, 
and which at any rate hardly can be abolished by the tachycardia, 
which often appears, and during which the demand for oxygen of 
the myocardium is increased. As anoxemic changes are usually 
described (Lepeschkin): Tachycardia, hightening of P 2 , lowering of 
P-Q in lead If, flattening of Tj, inversion of To and Tg and dep- 
ression of the S-T-segment; P-Q is Stated of varying duration, 
during extreme anoxemia in most cases shortened. In the.brady- 
cardie section of our curves, which certainly represent the proper 
and uncompensated effect of the acetyl choline, these sympthoms 
have only appeared quite sporadically; ‘depression of the S-T-seg- 
ment in 4 out of 26 cases and lessening of the T-waVe in 1 out of 26 
cases; shortened relative Q-T-duration has been found some-what 
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freqiiently, however, look ai the previous remarks aBout that. 
Certainly it cannot be excluded, that the changes may be due to 
an anoxemic state of the myocardium, but after all it must be em- 
phazised, that they have only appeared in a few cases, except the 
shortened relative Q-T-duration, which may rather be attributed 
to the extreme bradj'cardia. In the tachycardic states of the 
curves a shortened P-Q has appeared in 7 out of 19 cases and 3 
times a depression of the T-waves has been seen, wliich sympthoms 
coinside with the anoxemic ones and which are possibly also due to 
anoxemia. Altogether it is still not the electrocardiographic cha- 
racteristics of the anoxemia which put their mark on the picture, one 
gets after administering of acetyl choline. 

Our material seemed further to show, that while the sensibility 
to acetyl choline in the different hearts examined is very varying, 
there is a tendency to the effect, that the individvial heart again 
and again reacts against acetyl choline with the identical electro- 
cardiographic — and thereby functionary’^ — changes. It sccnis to 
be an obvious supposition, that the sympathetic — parasympa- 
thetic adjustment (»tonusi>), which a heart in advance is subject to, 
and the stablcncss of this »tonusi> to a high degree is determining 
the nature and the degree of the change caused by an acetyl choline 
injection. 


Summary. 

A review of literature is given concerning the effect of acetyl 
choline on heart and circulation. Attention is drawn to the diffe- 
rence between stimulation of the parasympathetic nerv’-c system 
and the effect of intravenous acetyl choline injection. 

Electrocard iografical investigations previously made are men- 
tioned and my own enclosed. In connection with the acetyl choline 
shock a.m. Fiambcrti the following have been made: 

1. a serie of elcctrocardiografical tracings in connection with 
injections of smaller not shoclqiroducing doses 

2. continued tracings before, during and after the injection of 
greater shockproducing doses 

3. tracings before and after a larger shockcyclus. 

It may be confimred that the acetyl choline shock-treatment 
a.m. Fiambcrti does not seem to cause permanent changes of 
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the electrocardiogram, nor permanent injuries of the myo- 
cardium. 

Agreements and disagreements between observations made by 
former authors as to the changes of the electrocardiogram after 
acetyl choline injections are pointed out and discussed. Some of 
the deviations may be explained by the fact that the author has 
used considerably greater doses than most of the former investi- 
gators. 

It seems obvious to the author to presume that the »Tonus> 
(sympathetical — parasympathetical) the heart already posesses 
and the stability of this »Tonus» is highly determinating vdth 
regard to nature and extent of the changes caused by an injection 
of acetyl choline. 
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The production of the acute phase protein after 
nonspecific stimulation. ^ 

By 

PER HEDLUND. 

(Submitted (or publication Fcbruarj- 23, 1911). 


History. 

Ldfslrom (1) recently described a substance winch occurs under 
certain circumstances in human scrum and causes nonspecific 
capsular swelling and agglutination of pneumococci, A similar 
substance may lie obtained from rabbit scrum. Human scrum 
reacts best with tj^ic 27 and ralihil serum with t^-pc 16. Lofstrom 

(1) lias suggested the term imonspecific capsular swelling substance, 
or type 27 reactive subslancc». The reaction is seldom, as intense 
as that occurring in specific capsular swelling, but it is neverthe- 
less always readily distinguishable under the microscope. Lofstrom 

(2) later identified bis substance with the acute phase protein, 
whose reaction with the C polysaccharide of the pneumococcus 
was described in 1930 I))' Tillclt and Francis (3), 

The reaction is carried out by Ncufcld’s method, which is used 
for type determinations of pneumococci. Tlie amount of type 27 
reactive substance is measured by titration by a method proposed 
by Lofstrom (1). A constant amount of serum is titrated on a 
slide against' increasing concentrations of bacteria. Tlie lowest, 
density of bacteria is called no. 1 and the corresponding quan- 
tity of reactive substance in the scrum is called titer 1. By a pro- 
gressivc dou bling of the bacterial concentration in density 1, den- 

‘ The expenses of this investigation were defrayed in part by a grant 
from Akticbolagct Astra, Sodertalje, Sweden. 



332 


PER IIEDLUND. 


mals. The amount of substance in the serum reached its maximuin 
on the second day after the injection and had disappeared by tk 
fourth day. A total of 18 injections was given over a period of four 
months. Although the maximum dose was kept the same, the titer 
for the substance gradually decreased. 

Sulphur. 

Approximately the same results were obtained when Sulfosin^ 
Avas used (fig. 2). Five rabbits xvere tested, the starting dose being 
0.5 ml, and the maximum dose 1 ml per Kg of body weight. Tj^e 
16 reactive substance xvas produced in all five animals after injec- 
tion of the maximum dose. In only one animal was the titer as 
high as 16. After repeated treatments wdth the constant dose the 
titer decreased but the reduction was not so great as in the man- 
ganese experiments. Sixteen injections were given over a period 
of three and one-half months. 

Gold salt. 

Tlie compound used, Aurothion Astra ^ wms injected into five 
rabbits. The starting dose, 0.25 g was administered at intervals 
of tw'o to tliree days, five times in succession. It caused a positive 
reaction in two animals, with titers of 1 and 2 respectively, follow- 
ing all the injections except the first. After the fifth injection one 
animal, which had showm a negative reaction, died for some un- 
known reason. After the 0.5 g dose type 16 reactive substance was 
produced in three rabbits, the respective titers ranging between 
4 and 16. One of the animals showed a negative reaction during 
the entire treatment. No reduction in the titer occurred under 
continuous treatment, which was carried on for two and one-half 
months. Ten injections were given during this period. 

Another gold preparation, Solganal® was given to five rabbits 
five times, 0.25 ml at each injection. Thus, in this case, the dose was 
not increased during the experiment. The highest titer obtained 
was 4, this figure being observed in two animals. In three instan- 
ces there was no reaction. 

1 Sulfosin Leo: Sulphur sublimatum stcril 0.01 g/ml. 

- Aurothion Astra: a combination of sodium gold thiosulfate and sodium 
thiosulfate containing 9.8 per cent An. 

3 Solganal (Schering): A disodum salt of sulfomethylaminoortoauromerkap- 

tobenzolsulfonacid. 36.5 % An. 
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Copper sali.^ 

Tlic first dose was 1 mg, and the hiphest-32 mg. The 16 mg 
dose was given twice. 'Flic number of injections was 7, over 
a period of one and. one-lialf months. Only one animal res- 
ponded to the doses of 2 and 4 mg with a positive reaction, show- 
ing a titer of 1. After 16 mg the reaction in three animals was still 
negative and in the two others the titers were 4 and 2 respectively. 
After an injection of 32 mg the results were three positive reac- 
tions, vath tilers of 4, 2 and 1 respectively, and two negative. Tims, 
two animals did not react at all during the experiment. Tlic ani- 
mal showing a positive reaction to a dose as low as 2 mg also proved 
to be the most sensitive in respect of the higher doses of 16 and 32 
mg, yielding a titer of 4 for these. 

Sterile milk. 

Tile starting dose was 0.5 ml, in response to which only two ani- 
mals reacted, with titers of 1 and 2 respectively. ^SOicn the dose was 
doubled the respective titers were 8, 4, and 2 in three rabbits while 
two .showed no reaction. All the animals reacted to the 2 ml dose, 
the highest tilers being 8 for one animal, 4 for two, and 2 for two. 
A remarkable feature was that the milk caused the maximum 
reaction the first day after the injection, while with tlie other sub- 
stances tested this occurred on the second day. A total of 10 in- 
jections was given during two months. 

Omnadin^ (Bayer). 

Tills preparation evoked no eapsnlar swelling substance. Five 
animals were submitted to tests. The starling dose was 0.25 ml. 
Tlie 1 ml dose, and the highest dose of 2 ml were both given twice 
each. TIic total number of injections was thus 6, and the experi- 
ment time one month. 

Blood. 

No reaction was produced in three rabbits from blood (10 ml) 
obtained by heart puncture and injected directly into a muscle. 
Tlie experiments were repeated three times. Nor was there any 
result from defribrinated blood chilled to -j-4 C. 

^ Sodium salt of cuproallylthioacabamUlbciEzoicncid, Cu 18.5%. 

Omnaditi (Bayer); A mixture of protein substances, bile lipoids; and ani- 
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Experiments on human beings. 

Manganese, sulphur, and typhoid vaccine, among other prepa- 
rations, were tested on man for their power to produce Lofstrom’s 
substance. Seium was examined each day in order to ascertain the 
content of type 27 reactive substance, and as a rule this was con- 
tinued until the reaction present became negative. ' The majority 
of the injections was intramuscular. 

Tire manganese salt in the form of Psorimangan was given to a 
patient suffering from an ordinary gastric ulcer, and also to seven 
patients with chronic primaiy polyarthritis. 

Tlie patient wth the gastric ulcer was a woman, 37 years of age. 
The guaiac test on faeces gave negative results during her entire stay 
in the hospital, and no symptoms occurred after the injections (fig. 3). 

The first three patients (fig. 4 a, b, c) suffering from chrot 
nic primary polyarthritis had no capsular swelling substance in the 
blood before the treatment with the manganese salt. Arthritis 
patients per se, however, not infrequently show a positive capsular 
sw'elling reaction. Cases d and e arc, examples of this. In case f it 
will be seen that type 27 reactive substance was elicited by the man- 
ganese salt at first, and that after repeated injections, which were 
also given intravenously, the reaction became negative. Sulphur, 
given as Sulfosin, then induced the formation of the substance 
again, and the organism’s. power to produce it on sulphur stimula- 
tion did not diminish or disappear, while the manganese salt, 
when again administered (on March 31), still had no effect. This 
feature, viz. the reduction in the titer, and the often total disappe- 
arance of the reaction for a period of varying length after a pro- 

' S.R.. 

Fhotimangan 
bjsciion 

C 

JS' 

Tempe/vfi/rff^, 

'n.c.s~"\ 

! 

Fig. 3. Case 69i/43. Gastric ulcer. ' Woman of 3'7 years. N.C.S. = nonspecific 
capsular swelling substance. S. R. = sedimentation rate in mm /I— 2 hours. 
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Table. 





Investigation on 

N.C.S.i Feb. 20. 




Go/d trealmeni. 


Patient 

(Record 

S.R. 

Previous 

treatment 

Occurrence of N.C.S. 
after gold injections 

No gold trealmeni 
Occurrence of 

no.) 


(Year) 

given; 


N.C.S. 




Before 

16/2 

18/2 or 


■ 



16/2 

19/2 


6 

8 

— 40,-41 


_ 



9 

36 


+2 




11 

58 




+ 1 


22 

35 



— 



24 

16 

—41 


— 



26 

6 



— 



27 

41 



— 



34 

25 




— 


35 

61 



— 



36 

19 

—41 



— 


38 

7 

-38,-42 



— 


41 

8 





— 

47 

10 

1 

CO 

CO 

1 



~ 


50 

1 







51 

46 




— ■ 


56 

31 




— 


64 





— 


74 

11 







76 

43 




+ 1 


78 

42 



— 



80 

25 




+ 1 


84 

52 




— 


85 

30 



— . 



86 

20 




+ 1 


87 

62 



— 



94 

11 

—36,-39,-40 




— 

112 

70 

—39,— 40,— 41 


+ 4 



145 

48 

—42 






146 

37 




— 


147 

30 





+ 1 

162 






— 

168 

52 

Sept. — 42 



+2 


171 

17 

-36,-37,-42 


4-2 



173 

90 

—40,— 41,— 41 



4-2 

— — — 


^ N-C.S. = Nonspecific capsular swelling substance. 
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Previous 

treatment 

(Year) 


Investigation on N.C.S Feb. 20. 


Gold treatment. 
Occurrence of N.C.S. 
after gold injections 
given: 


No gold trealment 
Occurrence of 
N.C S, . 


Before 

lC/2 


18/2 or 
19/2 


Total: 62 


—35 

-42,-43 

—42 

-36,-38 

-39,-41 

Aug. — 42 


-41,-42 
—41,— 42 
—42 

—41,— 42 


-38,-42 




No. of patients given No. of patients not 
gold treatment: 52. given gold treat- 
Of these 13 showed ment: 10. Of these 
a positive capsular 2 showed a positive 
swelling reaction. capsular swelling 
reaction. 


+ 1 — positive capsular swelling reaction titer one. 


^3 ~ Acta med. scandinav. Vol. CXVIll. 
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chronic pneumonia) showed the same positive capsular swelling 
reaction before and after. 

lodbismol ^ Astra, which was given to a 56 year old woman 
with erythema induratum, produced no reaction. She received a 
total of 18 ml intramuscularly, in doses of 2 ml at two-day inter- 
vals. 

Before specific liver Ireaimeni was started on an old woman 
suffering from pernicious anemia she was given both manganese 
(Psorimangan) and sulphur (Sulfosin), and she then showed 
normal reactions, wdth the formation of type 27 reactive substance 
(fig. 6). The reticulocytes at first increased in number, after the 
administration of Psorimangan, but remained at low values. After 
specific liver treatment (Heptomin Tika) a normal increase in 
reticulocytes occurred and no type 27 reactive substance was pro- 
duced in the serum. 

About 60 patients with chronic polyarthritis who were being 
treated at the Nynas Sanatorium, and most of whom had received 
gold treatment, were submitted to one test (see table.). Out of 52 
who had received gold injections (Aurothion Astra, Myoral Astra, 
Neosolganal Sobering) on the days immediately preceding the 
experiment, in most instances not more than 4 days' before, 13 
showed a positive reaction. Ten were given no gold treatment 
and in 2 of these the reaction was positive. It is not certain whether 
the positive reactions were due to the gold injections, since as 
already stated, Lofstrdm’s substance is sometimes found in clirc- 
nic polyarthritis. 


Discussion. 

The statements of Carlens and Ldfstrdm with regard to sulphur 
have been confirmed. Of the numerous agents said to be therapeu- 
tically effective in producing so-called nonspecific stimulation, or 
believed to act in such a manner, the following were tested on human 
beings: — A salt of manganese (Psorimangan), sulphur (Sulfosin), 
tjphoid vaccine, and gold preparations. In rabbits, the effect 
of manganese salt (Psorimangan), sulphur (Sulfosin), gold salt 
(Aurothion, Solganal), milk, copper salt Astra, Omnadin Bayer, 


* lodbismol Astra: Sodium iodobismnlhile, 6 per cent in elhylenglycol)- 
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On the other hand, extensive changes, involving even the entire 
reticulo-endothelial system, may be found in the form of prolifera- 
tive reticulosis. In the first place, this is evident from the autopsy 
findings in some cases of Schuller-Christian’s disease — e.g., Hen- 
schen’s Case I, where reticulosis was demonstrated in the spleen 
and lymph nodes, and in Gerstel’s case, in which proliferative 
reticulosis was seen in the lungs, liver, spleen and lymph nodes 
besides in the inconspicuous osseous foci. It is furthermore evident 
from our Case 5 where in the early stages of subsequently clinically 
typical Schuller-Christian’s syndrome the bone marrow on sternal 
puncture showed 30 % atypical monocytoid cells, while the blood 
showed a leukemoid picture with 14,700 leucocytes per cm\ 
46 % of which consisted in the same large reticularcells as seen in 
the bone marrow. This picture was so strildng as to be suggestive 
of leukemic reticulosarcomatosis. Later on, however, these changes 
subsided and were replaced by periodical moderate eosinophilia. 

How these changes and the splenomegaly occurring in rare 
cases of Schuller-Christian’s disease are to be interpreted is diffi- 
cult to decide and will not be discussed further here. But it is to 
be emphasized that these findings lend support to the view that 
the primary change in Schuller-Christian’s disease is a proliferative 
reticulosis which thus appears to be more widespread in the orga- 
nism than suggested by the limited osseous foci. 

The histological features of the various stages from eosinophil 
granuloma to generalized typical Schuller-Christian’s syndrome 
are plainly evident from the cases here reported (Figs. 1 — 9). 

In addition, these histological pictures are particularly suitable 
to elucidate the histogenesis of the disease in the early stages. In 
reality it is practicable histologically to distinguish between four 
stages, although there need not be any sharp border between them. 
Thus the disease begins with an entirely 1) hyperplastic prolileralive 
phase (e.g., Cases 2 and 5, see Figs. 1, 2 and 8) with more or less 
diffuse reticulohistiocytic proliferation which’ — as observed, for 
instance, in Case 2 — is often associated with pronounced eosinophi- 
lia. In this stage the histological picture resembles a true reti- 
culosis or reticulohistiocytosis and is liable to be mistaken for a 
tumor, especially reticulos'arcoma (as in our Case 5). Gradually, 
however, this stage will be replaced by the 2) granuloma phase with 
granulomatous tissue (Case 4, see Fig. 5) with blood vessels and 
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negative despite renewed injections of manganese, but on the 
administration of sulphur the usual reaction was again pro- 
duced. 
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On the acoustic theory ot percussion. 

ERNST BARANY, Upsala (Sweden). 
(Submitlcd lor publicaUon April 13, 1914). 


It is a fairly common experience in acoustics that problems as 
to tlie behaviour of a system subjected to a single shock may be 
profitably treated by first considering how the system reacts to 
sinusoidal vibrator^’' forces of different frequencies. Curiously 
enough, there seems to have been no attempt to treat even part of 
the percussion problem along such lines. All published theories of 
percussion seek to understand the very complex problem by rea- 
soning from the behaviour of the body under the impact. Obviously 
the results should be the same independent of the way in which 
the analysis is made, pro\ddcd it is made complete. Ho%Yever, in 
view of the great complexity of the body as an acoustic system 
no complete analysis has been possible. A highly important and 
ver>" thorough study by Landes (1939) with modern apparatus 
is no exception. He has (quite consciously) made rather simplified 
assumptions regarding the forcc-time-curve of the impact, consi- 
dering it to be rectangular in shape. Now, as vail be shoAvn, the 
form and duration of that curve is perhaps the most important va- 
riable in percussion which we can choose at will, and which can have 
an influence on the sensitivity of percussion as a diagnostic method. 
The kind of treatment adopted in the present study, while quite 
possibly unsuited for other aspects of the problem, brings this one 
out very clearly. Consequently there seemed to be justification 
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hoYVeVer, by a favourable arrangement of their phases, amplitudes 
and frequencies at a single given moment, they may also ^Yo^k 
together and then give a collected impulse. In point of fact it can 
be calculated for each arbitrary form of a force-time curve vhat 
frequencies, amplitudes and phases the vibrations must have in 
order to give the impulse when acting together. This is called cal- 
culating the »Fourier spectrum*) of the impulse and curve 3 shows 
a hypothetical one which might belong to the impact in curve 2. 
This spectrum shows hoAV much force of each frequency is con- 
tained in an impact of the form given in curve 2. If the force-time 
curve had been more angular, peaked and short, the spectrum 
would have contained relatively more of the higher frequencies; 
if the curve had been more extended and rounded the high frequ- 
encies would have been Weaker and the low ones more predomi- 
nant. ^ 

By an impact on the thoracic wall, then, we administer an infi- 
nite number of vibratory forces of different intensity and frequency. 
Each one of these forces gives rise to a sound. The magnitude of 
the vibratory forces is determined by the impact’s' Fourier spectrum 
(curve 3) and the resulting loudness for given magnitude of force 
by the frequency-response curve 1. Consequently, the loudness 
received by the ear at each frequency will be the product of cur^es 
1 and 3, something like curve 4, which may be called the loudness 
spectrum of the impact. (This derivation of curve 4 is simplific 
See below.) 

We are now ready for the synthesis. Tire task of percussion 
is to demonstrate changes in or under the thoracic wall, either' 
from place to place, from moment to moment, or from person ^ 
person. These changes always affect the frequency-response curve • 
Tliey may do this either by affecting the stiffness of the wall direct y 
under the place of impact, or by affecting the »travelling possibi i 
ties» of the vibrations. The changes may in principle be suppose 
to affect the conditions similarly for all frequencies: this is, however, 
an. improbable possibility. It is much more likely that they ho''^® 
different importance for different frequency regions. Tlie changes 


* Landes (1939) has shown that the impacts are not always simple u 
may be repetitive, at least under the conditions of his experiments. We c* , 
however, confine ourselves to the analysis of the simple impact, as the rep 
tive one provides us with nothing fundamentally new. 
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in or under the thoracic wall may also affect the temporal course 
of the impact, particularly in percussion without a pleximeter. Tlic 
resulting change of the impact’s Fourier spectrum is nevertheless 
in all likelihood of altogether secondary importance as compared 
with- the changes in the frequency-response curve. Tlie changes in 
the impact’s loudness spectrum, curve 4, which give rise to the 
changes in the apprehended percussion sound, will therefore be 
located at the same frequency regions as the changes in the frequ- 
ency-response curve 1, and will be primarily determined by these. 
Thus, whal percussion ullimalchj shows, are changes in the jrcgucncij- 
response curve. 

Now, one of the aims of this article is to maintain that impro- 
venrents in percussion technique should be possible by improving 
the form of the impact, nds will be clear from, the following con- 
siderations. 

The observer behind the ear does not, after all, apj^rehend 
the loudness spectrum of the impact as an extended cun.’^e but as 
the short sound phenomenon it actually is, all at once. Therefore, 
his attention will be mainly caught l)y the most prominent, that is, 
the loudest, parts of the loudness spectrum. It is also clear that 
changes in these frequency regions will be more casilj' detected 
than changes in less prominent regions of the impact’s .spectrum. 
Now, generally, the physiological and pathological changes in the 
frequency response curve of the thorax will be more or less con- 
centrated to ftregions of maximal changc». Obviously, then, chan- 
ges in the thorax will be most easily detected if the regions of 
maximal change of the frequency re.spon.se curve of the thorax 
coincide with the regions of' maximal loudness of the impact’s 
loudness spectrum, Tims, the cffcctivity of percussion will de- 
pend upon the possibilities of adjusting the loudness spectrum of 
the impact to the acoustics of the problem in hand. 

If, in different conditions, the same frequency region were 
always affected it should be po.ssiblc to develop a generally opti- 
mal impact. It secm,s more probalilc, however, that different 
frequency regions are interesting in different connections. It is 
thinkable that a certain change in the thorax, e.g. a pleural exudate, 
primal ily affects the conditions for the low frequencies. Percus- 
sion should then be performed with long and rounded blows. It 
is not at all certain that the form of impact supplied by the usual 
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finger-finger percussion is optiTn,al. If it ^vere too angular and 
pointed the situation m,ight conceivably be improved l)y so simple 
a measure as turning the pleximeter finger and striking on the 
volar side. The curve of the blo%V will be even rounder in percus- 
sion without a pleximeter, direct on the soft parts. 

In other situations the thoracic conditions are perhaps most 
changed for the high frequencies. Here, then, one should trj' for 
short, peaked curves which are obtained by letting small, hard 
objects strike against one another. Use of percussion hammer and 
bone pleximeter, or the coin-test, belong to this category. A cer- 
tain variation in finger-finger percussion is already obtained by 
varying the method of striking the plexor finger or the pressure 
of the pleximeter finger. 

In order to simplify the argument, we have hitherto assumed 
that loudness is directly proportional to physical sound pressure. 
This is not true — the relation is more complex. Moreover, if in a 
composite sound the physical inknsiUj of all the notes rises equal- 
ly, the loudness of the low notes rises' considerably more than that 
of the high ones: the loudness-intensity curve of the low tones is 
much steeper. These facts have no great importance for the theory 
as developed so far. They give rise to a certain dependence of the 
form of the frequency-response curve on the level of exciting inten- 
sity and cause the true loudness spectrum of the impact to differ 
somewhat from the product of curves 1 and 3. But the main in- 
terest of the loudness-intensity'' curves of the ear is that they pro- 
bably explain most of the differences in results between forceful 
and gentle percussion^. 

It seems extremely likely that the proportion bct\veen the 
physical intensity of the different frequencies generated is hut 
slightly changed by the force of the impact. The relative importance 
of superficial and deep structures for the acoustic behaviour of the 


* The proper -way of obtaining the loudness spectrum for the impact is. 
A frequency-response curve -with sound pressure (instead of loudness) as the 
ordinate is multiplied by the Fourier spectrum of the impact. The product 
curve is transferred point by point into a loudness spectrum by reference to 
published curves relating physical sound pressure at different frequencies to 
subjective loudness. The resulting loudness spectrum of the impact will differ 
in scale but not very much in general shape from that derived by the incorrect 
method described above. 
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lliorncic wall — and only the vihrations of that wc hear ~ should 
not bo very dopondonl on the intensity of acoustic excitation, 
'nuis, the often ex])ressod belief that intensive percussion is needed 
for brinf^ing the deeper structures into play does not seem rea- 
sonable from our point of view. On the other liand, the quality o! 
the percussion .sound i.s dependent on tlie intensity of the blow and 
the reason for this is, that, at hifth intensities, the loudness of the 
lower tones is relatively enhanced, while at low intensities the 
low notes are the first to disappear, \\5dch of tlie two allernalivcs 
is most .suilalde will depend on the ])ro))le!n in hand. 

In the course of time a f<real juany percussion methods have 
been published, varyinif in respect of finfjer position, pleximeters, 
and similar details. 5Vliat differentiated them most, physically 
speaking;, was probably the force-time-cnr\'e of the resulting im- 
pact. 'Hicse many suggestions have nevertheless appeared at 
random, and not as the result of a systemntic search for the fre- 
quency regions in which the most interesting changes arc to he 
found. The nearest approximation to such a study seems to be the 
work of Bass (lf)35). Tins author us'ed tuned metal pleximeters 
and showed that in different situations different tuning ws advan- 
tageous. 

Perhaps even l)et(er results could be obtained by .substituting 
vibrators of .suitable frequencies for the impact. It would then be 
possible to stimulate selectively with the interesting frequency. 
Attempts along this line have been made with tuning-forks (e. g- 
Vernieuwe 192G) and electromagnet ic. devices. (Bock 1924). Tlie 
failure of sucli methods to become more developed and universal!} 
accepted may' lie due to tlic view tliat any acoustic device is m- 
ferior to X-ray’s. Even those, however, xvlio do not share lids pessi- 
mistic altitude prolialdy' consider the simplicity of percussion lo 
be its main factor of Jiicril. Therefore, a future development 
percussion will probably' sooner concern methods of obtaining suit- 
able impacts than methods using more or less complicnled appm 
ralus. 



ON THE ACOUSTIC THEOHY OF PERCUSSION. 


353 


Summary. 

Tlie relations between the acoustic properties of the thorax, 
the Fourier spectrum of the percussion impact and the loudness 
spectrum of the resulting percussion sound are discussed. The 
importance of matching the Fourier spectrum of the impact to 'the 
acoustics of the thorax is pointed out. 


References. 

Barany, E.; This journal CXI, 252, 1942. — Bass, E: Gesellsch. Inn. 
Med. Verb. 7, 208, 1935. — Bock, E.: Deulsch. Med. Wochenschr, so, 953, 
1924. — Landes, G.: Deulsch. Arch. Klin. Med. iss, 116, 1939. — Verni- 
euwe, M.t Bull. Acad. Royal ^Med. Belg. 1926 p. 767. 



Acta Medica Scandinavica. Vol. GXVIII, fasc. IV--V,1944 


From the Central Hospital, Boras, Sweden; Medical Dept 
(Chief: C. Grill, M. D.) 


Accumulated cases of chronic benzene poisoning 
in the rubber industry. 

By 

KARL J. HELMER. 

(Siibniillcd for publication May 2, 19-14). 


Hitherto, chronic benzene poisoning has not received the same 
attention in Sweden as in certain other countries, particularly Ger- 
many', France and U.S.A. This is no doubt mainly due to the 
fact that benzene has not been very extensively used in Swedish 
industry. The blockade of the last few years, with the attendant 
difficulties of importing the appropriate solvents of normal times 
has meant that benzene has been used more and more as a substi- 
tute, primarily' for benzine. Nevertheless, benzene has also been 
used earlier on in Sweden, and has caused cases of chronic poiso- 
ning. During the years 1937—1939 the State Insurance Office 
compensated 27 cases, but not later than the years 1940 and 1941 
there was a distinct increase by 12 and 18 cases respectively. The 
increased number of cases must often be ascribed to the fact that 
the management and the workmen do not know how poisonous 
benzene is, and further, that in many cases the output has been 
intensified and carried on in unhygienic premises. A particular 

This subject has recently been dealt with in this journal by Stenstam. who 
goes through the literature and describes one case of his own. The author 
therefore refers to this paper as regards chemistry, path, anatomy etc., and 
also the bibliography. 



accumulated cases of chronic benzene poisoning in the etc. 255 

instance of this is the frequently entire lack of ventilation. Some' 
of these causes lie behind tlie cases of poisoning to be dealt vith in 
this paper. 

Benzene has a high toxicity in air. The degree of risk depends 
on the susceptibility of the individual, the length of exposure, and 
the concentration in the air. On this account it is difficult to 
determine the danger limit. Bovditch and Elkins give the desirable 
concentration of benzene in the working premises as under 0.24 
mgm/I air. AH the same these authors have two cases where the 
patients were affected at a lov/er concentration. Flury considers 
it should not exceed 0.1 mg/1 air, and Hunter says the only safe 
concentration is 0. Plainly, benzene is a dangerous poison, and 
the literature contains numerous cases of poisoning wdth high mor- 
bidity and high mortality. (See Stenstam). 

A factory in South Sivedcn manufactures rubber raincoats. 
The work is done on a conveyor belt, w'ith alternate sewing and 
gumming. This latter was mainly done by hand on open tables 
with a solution of 10 % rubber in 90-degree benzene. The solu- 
tion was kept in open tins. Before the different gummed pieces 
were ready to be put together, practically all the benzene W'ould 
have evaporated, this latter process taking a minute or so. When 
the factory Nvas working at full capacity about 50 kg of benzene 
would evaporate in the 8 % hours going to the normal w'orking- 
day. The workroom had a capacity of about 3000 m®. There ■was 
no mechanical -v^entilation before the cases of poisoning appeared. 
If the amount of evaporated benzene be evenly distributed over 
the premises, it gives a concentration of about 17 mg/1 air — in 
other words, a tremendous amount. The girls stand direct over the 
garments and will therefore be exposed to an even higher con- 
centration. "WTien Statens’ institut for folkhalsan (the State Institute 
of Public Health) instituted inspections of the air conditions, the 
cases of poisoning had lowered the number of workers to a third of 
the normal figure. The individual working capacity had also de- 
clined. It was calculated that about 8 kg benzene were now being 
used per 8 ^ hours, as against the former 50 kg. The air conditions 
had also been improved by pow'erful fans, ■which sent in about 
100,000 m^ of fresh air in 8 % hours. In spite of this, air analyses 
made by Civilingenior Erik Thr3’'sin sho-wed a benzene content of 
0-70 mg/1 air. As is evident, the w-orkers had been Subjected 
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lo a very intensive exposure to benzene, in spite of the powerful 
fans and Ioav vorking capacity. 

the cases of poisoning Vere discovered, protective mea- 
sures were at once taken on the initiative of the State Institute, of 
Public Health (through Civiling. Erik Thrysin and med. lie. Kuno 
Quarna). The system of fans AVas expanded, the work-tables were 
covered in and provided with individual ventilation, the tins of 
gum Were reconstructed so as to make the evaporation surface less. 
After these steps had been taken, new air analyses AVerc made, in 
AA'hich no benzene could be demonstrated in the samples. A more 
detailed description of the steps taken and of the results obtained 
is ghmn by Thrysin. The continued clinical control of the AVor- 
kers also shoAV these steps to haA’'c been effective, since there AVere 
no fresh cases and the general state of health AA'as raised. 

At the beginning of 1942 attention aams draAA'n to the condi- 
tions in the factory. EA'‘en before this, hoAA'ever, the employees 
had complained of the disagreeable smell of the gum, and of obsti- 
nate headaches and tiredness. Some of them had also been to dif- 
ferent doctors, AA'ho sometimes found them anaemic or diagnosed 
nervousness. It AVas only after a feAV serious cases had been admit- 
ted to the Medical Department of the Boras Central Hospital that 
chronic benzene poisoning AA-'as diagnosed. 

The scries of different measures then instituted included a 
medical examination of all the 184 AA'orkers (169 AA'omen and 15 
men). Of these, 60 (i.e. 32.6 %) AVere then or later entered on the 
sick-list as suffering from chronic benzene poisoning: 58 aaW 
women, 2 men. The large number of poisoning cases' can he ex- 
plained by a forcing of tlie AA^ork by the installation of conveyor 
belts, AA'ith increased consumption of benzene, and the fact that this 
was done before the proper ventilation had been arranged for. 24 
cases have been in hospital for a longer or shorter period. In july 
1943 — after 16 months — 12 are still on the sick-list, 46 haAm been 
AATitten off as healthy, and 2 are dead. These figures clearly show' 
the Serious character of the poisoning. All those on the sick-hst 
have received compensation in accordance AA'ith the legal regulations 
as to insurance against occupational diseases. 

An account AA'ill here be given of the results of the examinations 
made on the Asmrkers placed on the sick-list. Wlien these exami- 
nations began there AVas great anxietj' among the AVorkers, and it 
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TaUc 1. The invalids’ subjective troubles. 



Number of 



cases 

% 


41 


Headache 


50 


1 ircuncss • • 

Vertigo, nervousness, somnolence, insomnia 

19 

Shortness of breath, palpitation 

8 


Gastric trouble, nausea, vomiting 

13 


Cutaneus hemorrhages 

25 

44 

Bleeding of the gums 

7 


Deranged menses 

7 


Loss of weight 

9 



12 




Skin changes 

5 


Benzene taste 

2 


Smarting of the eyes 

8 



was necessary to make a preliminary examination of them all as 
quickly as possible, and weed out the affected. The hurr 3 % lack of 
personnel, etc., meant that in many cases this could not be as 
thorough as one might wish. Gradually, however, attempts have 
been made to complement the examinations as much as circum- 
stances permitted. 

The subjective symptoms are vciy Varied. They are hardly noti- 
ceable at first, and can easily be mistaken if the possibility of ben- 
zene poisoning is not borne in mind. Table 1 shows the commo- 
nest subjective discomforts of the patients. 73 % had headaches. 
This proved to be Veiy* obstinate, and persisted for a long time even 
after the blood changes had considerably improved. Tiredness 
was the commonest symptom, appearing in 88.5 %. This, too, was 
excessively obstinate. The patients suffer from it months after 
improvement in other respects. They complain that they cannot 
take even short walks, and that they have to lie down even Very 
simple household jobs. Signs of an increased tendency to bleed 
are common. 48.5 % of the patients had cutaneus hemorrhages, 
appearing mainly on legs and arms. Seldom on the body. These are 
often large and spreading, to begin with; they appear without 
demonstrable trauma. A gentle pinch can give hemorrhages the 
size of a child’s palm. They are also usual in cases wiiere there are 

— Acta med. scandinao. VoL CXVIIJ. 
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no noticeable signs of bleeding tendency or vascular brittleness 
(lack of vitamin C). They often persist month after month; a num- 
ber of patients still have them after a year on the sick-list. By that 
time they have usually become smaller disappear more rapidly, 
and do not appear so often. Other abnormal hemorrhages are 
those of gums and nose, as also derangement of the menses (irre- 
gular, sometimes more frequent and copious menses). These troub- 
les appear only among those with more serious blood changes: 
only in two cases were they so severe as to call for local treatment. 
In no case has a gynecologist needed to intcrA>’ene. Nervousness, 
vertigo, somnolence or sleeplessness, shortness of breath and palpi- 
tations are other common troubles. Gastric trouble of a dyspeptic 
nature, nausea, vomiting and loss of appetite appear in 21.5 %. 
In a number of these cases it was impossible to exclude gastritis; it 
is a moot point whether benzene has anything to do vrith its' onset. 
An interesting symptom in this connection was shown by t-svo cases, 
who complained of a benzene taste in the mouth. Schrenk and others 
have shown in experiments on animals that inhaled benzene is 
secreted in the stomach. This may be the cause of the gastric 
troubles and the benzene taste. Skin changes have manifested them- 
selves in the form of itching, possibly with pruriginous papules or 
slight dermatitic changes. There was loss of weight in 9 cases, 
some extremely marked — up to 10 kg in one year. Paresthesia 
usually appeared in the form of prickings in arms and legs, hio 
objective derangements of sensibility or other neurological 
symptoms could be demonstrated. 8 complained of smarting in the 
eyes. These displayed at most a slight conjunctival redness. This 
symptom is, incidentally, very common among factory-workers, 
and may have other causes than benzene. 

This symptomatology agrees on the whole with the one given 
in the literature. It is, howeVer, important to realize clearly that 
the objective findings are in no way correlated with the subjectne 
symptoms. According to Greenburg these latter are not so very 
important and may be absent even in serious cases, a fact also 
confirmed by this material. 

Mignolet puts as heading to the description of the blood changed 
of chronic benzene poisoning: Le benzol, poison du sang. He 
wants thereby to show at once the central importance of the blood 
changes for this disease. They have always attracted the greatest 
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interest, and as already Santcsson (1897) drew attention to anemia 
and leukopenia. Later investigators have laid most stress on the 
injuiy' to the blood-forming organs, wliich usually gives anemia 



Fig. 1: Fed blood corpuscles. 



angin^, from h3,Tioj)la.slic to a])]aslic. In a number of cases, how- 
e%er, benzene can have a stimulating effect on the bone marrow, so 

genuine leukemia. 

inrnon changes have not been observed in our eases. TJic most 

2 ‘'ane- 

mia, leukopenia, thrombocytopenia. 
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Fig. 3; Colour index. 


The anemia in this investigation has been moderate. The 
values for hemoglobin (determined according to Authenrieth) and 
red corpuscles are sho-wm by figs, 1 and 2. 60 — 80 % for hemo- 
globin and 3,5 — 4.5 million for red corpuscles arc the commonest 
figures. As can be seen, only a few had a more extreme anemia. 
Tile size of the corpuscles has been much discussed. Goldwater 
finds macrocytosis, Kahle normal corpuscles, Hunter small cor- 
puscles, Mignolet finds a hypochromatic and a hyperchromatic 
picture with equal frequency in mild cases, whereas the serious 
cases are as a rule hyperchromatic. This agrees with our findings 
in the material presented here. Fig. 3 shows the colour index 
exhibiting a fairly good distribution of hypo- and hypercliromatc 
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cases, yet Vith a tendency toN^ards hyperchromia in more pro- 
nounced anemia. It n^ould probably be impossible to dra^ any 
diagnostic conclusions from the appearance or degree of the ane- 
mia in this material. Moderate anisocytosis is common; sometimes 
there is poikilocytosis and polychromasia, as a rule more pro- 
nounced in the cases -with more serious changes. Not even in the 
most serious cases have immature forms appeared. One of those 
to point out benzene’s stimulating effect on the formation of blood 
is Hunter, who has 7 cases with an increased number of red cor- 



Fig, 4; tVhite blood corpuscles. 


puscles, and who considers that erythremia may be an early sign 
of benzene poisoning. 

Ever since Selling’s investigations leukopenia has been much 
discussed. There Seems to be no relation betu'een the anemia 
and the leukopenia, Greenburg and Mignolet consider the former 
to come earlier than the latter. The number of leukocytes is gra- 
dually shifted towards lower values, but the process is' not Very 
marked. Kahle finds leukopenia in only 30 %. The cases with rai- 
sed leukocyte values are interesting. Hunter has several; one with 
up^to 264,000 leukocytes. Erf and Rhodes have a patient with 
13/, 000, mostly myelocytes • — that is to say, pure leukaemia and 
vith corresponding patho-anatomical findings. Fig. 4 shows the 
distribution of the leukocytes. Many cases lie within limits where 
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no crrloin conrlusioiis con l»c drawn. Only 17 have values of kss 
Ilian -1000 per nnn^; these Were jiafients with jiroiiouiiml anemia 
and Ihroinhopeiiia. Tiiese values roine from the first examination. 
The case histories below illustrate how the ieukopeiiia can become 
inure prononnceil, ami it will therefore he of preal value when the 
.miffevei-s are to be followed up. 

Tt is primarily the pranulated eells tliat diminish. The (////c- 
rciitidl roun! will therefore be important. Neverllieless, Goklwater 
finds the lyniphoeyle perceiitape in his material to he ahoul the 
same as in I lie eoniroi easv s, and shows that there can normally 
be lip to GO lymphot ytes. .V relative lymjihocylosis occurs in the 
most Serious eases in particular, lliinler finds a decrease of the 
pranulated eells in Ibe most seiioiis cases, and lalics tliis to bean 
early and inijiorla.nl sipn of poisonino. Tn this investigation the 
lympliorvt<-s in the differential counts varied betw'een 10 ami 
excejil in (’.ase 5 where lluY were SO 'Ji,. l'..osinopliilia or 
basophilia was never jiroiioiineed. nor liave any young or pathologi- 
cal forms appeared. 

.■\s one of beii/.eiie’s jioinls <if attack is the lilood-proclucing 
bone marrow, the slrrnol pitnrtmc.'; in these cases have hocn studied 
jirolty closely during the last years, and have increased oiir under- 
standing of the patlio-anatcunic.al jirocess. Ihe changes in the 
blood jirove to be a reflection of those in the bone marron, Mhicii 
van* from severe iiyjiojilasia to the most extreme hyperplasia 
w'ith ('xtra-medullaiy liematopoiesis. 

However, the sternal jmnctnre is not positive in all cases. 
EmileAVeil and others (Itl.'lS) find a tendency to aplasia in only 
73 %. Slenstam lias disciis.sed Ibe findings at the puncturings m 
more flelail. 

Sternal punctures were made on a number of the cases adniittci 
to tlie hospital. Docent Elsa Segerdalil, Upsala, has been kim^ 
enougli to in.spccl the pre])nralionS. In no case did liypcjp'^l^^ 
in, and indeed, the examinations of the blood do not point in t > ^ 
direction, eillier. The jireparations •were all more or less pool in cc 
The manoAV of patients who olhenvise. liavc more pronounced su ) 
jeeiive and objective symptoms is most often poor in cells, 
are no abnormal cell forms in the orylhrojioicsis or Icukopoics^s. 
The percenliial composition falls xvithin tlie normal limits, thoUoi 
there are as a rule (piile a quantity of plasma colls. • 
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One of the classic symptoms is ihrombocijiopmia, NVhich has 
Ts'ith justice attracted great interest. GoldAVater and others have 
cases wth 30,000 thrombocytes per mm^, and less. Greenburg 
and others find a distinct shift towards low values, and at less 
than lOO.OOO/mm^, the capillary weakness Was increased in 23 of 
26 cases. There are nevertheless severe cases Tvithout thrombocyto- 
penia. Mignolct, Nikulina and Tctowa consider thrombocytopenia 
to he the first sign of chronic benzol poisoning. 

In this investigation the thrombocjdes have been calculated 
according to Kristenson. [Normal values are 200,000 — 400,000/ 



Fig. 5: Thrombocytes. The slanting lines give the number of patients with 
cutaneous hemorrhages in each group. 

r 

mm^.] Fig, 5 shows the results of the thrombocyte calculations. It 
IS quite striking that an often particularly pronounced thrombo- 
cytopenia is found here. The values are much more pathological 
than for other blood investigations. None of the examined rubber 
Workers Avith thrombocyte values of over 225,000/mm^ had had 
the disturbances, or blood values generally, to warrant a diagnosis 
of benzene poisoning. As a rule those with the lower values were 
ihost affected. The hemorrhages did not run parallel Avith the 
thrombocyte values. As fig. 5 sIioaa^s, only those Avith values up to 
25,000/mm® all had hemorrhages. Above this figure, 22 had hemor- 
rhages Avhile 31 did not, AVith more or less even distribution in the 
different groups. 

In this case the prothrombin determination did not arouse any 



364 


KARt J. HELSIER. 


very great interest. Nevertheless Da-wis speaks of prothrombin defi- 
ciency. Prothrombin determinations were carried out in 15 cases. 
Of these 6 had normal values', 4 a prolonged coagulation-time 
(Index < 100) and 5 a someAVhat shortened one (Index > 100). 
There Was no parallelism between the seriousness of the cases and the 
prothrombin determination; no conclusions can therefore be drawa. 

The bheding-iime is usually reported ' as somewhat prolonged, 
yet according to Goldwater, not particularly marked. Greenburg 
et al. find it only in 5 cases of 105, Kahle on the other hand in 60 %. 
ADgnolet finds cases with normal bleeding-time and low throm- 
bocyte values, as also cases with long bleeding-time and normal 
values. Greenburg has had the same experiences. The bleeding- 
time has been determined in 28 of our cases. 18 had less than 5 
minutes, 7 had 5 — 10 minutes, 3 between 10 — 15 minutes. Prolong- 
ed times appear only in those cases with more pronounced changes, 
particularly thrombocytopenia. 

The coagmaiion-time is usually reported as prolonged. 
Mignolet quotes it as an early symptom, and an important one 
from a diagnostic point of view. Goldwater, however, finds it to 
be about the same as among the control subjects; Kahle finds it nor- 
mal. Of 17 cases investigated for the coagulation-time, 15 showed 
it to fall within the normal limits of the method; only two cases 
Were clearly prolonged (Nos. 4 and 5). And this in spite of the fact 
that the investigation was only carried out on more serious cases, 
who Were being treated at the hospital. 

Little attention has been paid in this connection to the sedi- 
mentation rate. Goldwater and Greenburg, with others, find it to be 
about the same as among the controls, but these authors have 
as a rule only examined less serious cases. Stenstam’s case had 69 
mm in one hour. Most authors do not mention the examination. 
We have found the sedimentation rate to be of a certain value. 
In many cases it is raised, in a number considerably so, often run- 
ning fairly parallel with the seriousness of the case, and keeping 
obstinately high, only sinking on the generaP improvement of the 
patient. See the case histories. 

Stasis tests (70 mm Hg in 5 mins.) were made in 34 cases, o 
which 28 Were negative and 5 positive. Only in 3, who in addition 
had other pronounced changes, did any very large number of pet® 
chiae appear. 
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The diagnosis in an early stage of clironic Ijciizcne poisoning is 
often a very difficult matter. Tiie anamnesis is of crucial import- 
ance. It is often necessarj' to go into the invalid’s work in det.ail, 
and inquire into the solutions of this kind used there. That if is 
not akays a foregone conclusion is illustrated bv Hunter, who 
describes a telephone-girl who fell ill. ft was only gmdtmllv dis- 
covered that she had far the last 6 years been vaping off her work- 
w§-table m a sloth moistened with benzene. This liftle chronic 
dose gradually set up so serious a poisoning that she died. J| is nio, 

^crk. The disease can also break out when the wnrh^r i - 

.m danger., .ork poi:, ZI" 

Tins was ohser;^ed by Santesson, who assumed Ifni ceH il ' 

J're set up in the organism which in a nnmh.r r 
progressive character, fn .1 nf ? • ' 
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manner, and no or only very slow improvement is obtained. To 
make a diagnosis of chronic benzene poisoning on someone -ivlio 
has been exposed to benzene is often taking too much for granted; 
simple secondary anaemia is a very common complaint, after all. 

The course of the disease is extremely chronic. A sufferer has 
to rest, not for weeks but for months (Emile Weil 1940). Lamy 
et al. consider that the patient gradually gets better provided he 
escapes exposure to benzene. It is necessary to think of the length 
of the disease and the slowness in improvement. In spite of the 
treatment slight blood stigmata (mild anemia + leukopenia -|- 
neutropenia) arc to be found after more than a year even in pati- 
ents who seemed from the start to be only mildly affected, both 
clinically' and hcmaiohgieaUy. He also shows the danger of serious' 
recurrence after a long period when the course was favourable; 
After 2 years there were still none of Mignolct’s 26 cases with the 
normal number of thrombocytes or normal coagulation-time. 
Stodtmeister lias a case which has been followed for 3 years. The 
blood values improved during the treatments (primarily blood 
transfusions), and remained good for a time, afterwards to sink 
anew, although the invalid was not working. This was repeated 
several times before his blood values finally remained at a respect- 
able level. Bauer has followed one case closely. Not until after 0 
months did llie blood values begin to rise, but it took a further 
2 — 3 months before tlicy approached the normal. Stenstams 
ease needed 9 months for the hemoglobin and red corpuscles to 
Jiccome normal. The thrombocytes increase considerably more 
sloAvly' for all investigators. 

The long-drawn-out course is exhibited by this material, too. 
During the first 3 months 21 mild cases were Wi'itten off as healthy, 
often such as had no very great subjective troubles and Whose ob- 
jective findings were so slight that there could be no risk in their 
resuming work. A number of tljese cases changed over to some 
other undangerous employment. During 3 — 6 months 14 further 
cases Were A\’Titten off, during 6 — ^9 months '5, and during 9--16 
months 6. 12 are still on the sick-list. Of these it should he possible 
to count on a number being able to recommence work relatively 
soon. A number, however, will assuredly need rest and treatment 
for a long time yet. Quama can not demonstrate any relation 
between the length of employment and the inability' to work. Nor 
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does age seem to be of any dominating importance. .A number of 
the more serious invalids have had a temperature of about 38° C, 
persisting for long periods. Case 4 had periods of subfebrile tem- 
perature during one year. In a number of cases the hemoglobin, 
erythrocytes and leukocytes decrease after the leaving off of work, 
even when the patients are treated at the hospital. Case 4 had on 
admission Hgb 51 %, red corpuscles 2.58 million, White corpuscles 
1,700. 6 weeks later, despite Fe, Campolon and blood transfusions, 
she had' Hgb 43 %, red corpuscles 1.95 million. The White cor- 
puscles were 720 and, one week later-, 580 mm/m®. The thrombocy- 
tes were relatively unchanged. See also Cases 3 and 5. Mignolet 
.obsen’'ed the same thing, and explained it by saying that there is 
foT the moment no new formation of blood, the organism living on 
the circulating blood elements. Luckily no very serious complica- 
tions have set in during the after-course in the form of complicat- 
ing diseases. Case 3 shorvs that the body does not lack power to 
react with leukocytosis; while being treated in hospital the patient 
developed gangrenous appendicitis. 

Regeneration takes place in this material in the same Way as is 
generally reported in the literature. The hemoglobin and red 
corpuscles increase first; shortly afterwards come the leukocytes. 
The bleeding-time becomes normal in 1 — 2 months. The thrombo- 
cytes are most obstinate. They only rise very slowly, and after 
more than a year have still in many cases not exceeded 200,000, 
although hemoglobin, red corpuscles and leukocytes have long 
been normal, and the patient been without subjective discomfort. 
A number of earlier invalids, whose thrombocytes on the resump- 
tion of work were less than 200,000, have had no difficulty in mana- 
ging, without new symptoms setting in. 

It is also striking that the cutaneus hemorrhages obstinately 
persist, although no bleeding tendency can be discerned. To start 
with they are fairly large and widespread, but gradually begin to 
fade. They do not disappear altogether until many months after 
the other blood changes have subsided. Several patients returned 
to Work in spite of the hemorrhages, and this could not be seen to 
hurt them. It was the most affected patients who usually had most 
hemorrhages, yet not without exception. A striking thing is that 
several cases of benzene poisoning, Whose thrombocjdc values had 
never been particularly low, nevertheless have large and obstinate 
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hemorrliages. As regards their duration, it has no connection vith 
tlie thrombocyte values. Another singularly obstinate symptom 
is the tiredness. The patients complain that they are exhausted 
by even short walks or light household tasks. This symptom, too 
— which naturally, at any rate in part, may be purely psychic — 
persists for months, and many complain of it even after more than 
a y'car has elapsed since they were cut off from their work. No 
direct correlation between the tiredness and the objective findings 
has been found, nor has the tiredness stopped a number from 
being declared healthy and returning to work. In some cases it 
then improved noticeably, whereas some still feel a definite fatigue. 
No effect on the objective findings could be noticed in these cases. 

In earlier stages it is as difficult to make a prognosis, as to 
foresee how' long the disease is going to take. In all circumstances 
it is important to prepare the invalid for a long convalescence. 
During this time he lives protected in all wmys from infection, 
■with its increased demands on the myelogenic apparatus, 
infections appear it is, naturally, often difficult to decide whether 
they are primary or w'hether they only found suitable soil in an 
organism with more or Jess impaired pow'ers of reaction. The con- 
lion may' get w'orsc although the patient is treated in the best way. 
This is shewn by' Case 3, and by the tw'o patients that died (Cases 
1 and 2). 

In the ireatment it is most important that the invalid gets aWay 
from exposure to benzene, and is aIlo-v\'ed to rest sufficiently long. 
This is without doubt the only thing on 'Which everyone agrees. 
Otherwise, opinions are divided as to the merits of . blood trans- 
fusions, injection with liver preparations, iron, arsenic, vitamin C. 
Other methods -w'hich have been attempted are injections of hone 
marrow, roentgen, splenectomy, etc, (See Stenstam). Certain 
authors predict good results from this, others none at all. Pati- 
ents treated at this hospital have usually been given iron, hepa- 
forte, vitamin C and Campolon in large doses for months. In no 
case can any of these remedies be demonstrated to have had any 
effect whatsoever on the course of the disease. Blood transfusions 
have been given extensively. The immediate result is a rise of 
haemoglobin and red corpuscles, but after a few weeks they return 
to their earlier values. Consequently, the blood supply has only 
been increased temporarily. On the other hand there is a general 
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impression that the blood transfusions have an all-round strengthe- 
ning effect. The patients feel livelier and more vigorous. The un- 
doubtedly best and most effective therapy available at present is 
sufficiently long rest. 

Certain authors think it Avould be dangerous for a sufferer from 
benzene poisoning to return to the w'ork ivith this chemical on 
account of an acquired greater susceptibility to it. Dawis rejects 
tliis vieiv; his opinion is that invalids recommence Work before 
their myelogenic apparatus has been allowed to recover comple- 
tely, this taking longer than the blood to become normal. Our 
experience is that, if the patients have been allowed a long enough 
rest from work, there is no danger in resuming it again, provided 
the hygienic arrangements and the control arc satisfactory. 

As in all work on occupational hygiene, the prophylactics are 
the most important clement. Emile Weil says that no toxic sub- 
stance makes for such great risks and is so impossible to protect 
oneself from as benzene in industry. It would therefore be fest if 
it could be replaced by other, less dangerous chemicals. It was 
possible to do this in Belgium in 1936, and in certain industries in 
France in 1937. The results here proved fully satisfactory. In- 
spectors of occupational hygiene should have their eyes open to the 
risks of benzene. It is important to be especially on the alert when 
inspecting small workshops and the like. Perfect ventilation and 
no unnecessary' evaporation of benzene from open vessels are per- 
tinent requisites here. Similarly, the Workers must be apprised of 
benzene’s dangerous character. Underaged, pregnant or anaemic 
individuals must be barred from worldng vdth benzene. A medi- 
cal examination bMore entering on such work, and subsequent 
control every 3rd — 4th month, should be instituted. It should be 
possible to make these examinations extremely complete, if neces- 
sary', on account of the polymorphous picture that chronic benzene 
poisoning presents. The examinations must therefore not be mere 
routine, but each case examined and assessed separately. Accord- 
ing to de Weerdt, sternal puncture has no importance for the diag- 
nosis of the mild cases. Here the changes were too small to allow 
of assessment. At the slightest sign of affection the invalid must 
be barred from the dangerous work sufficiently long for complete 
recovery. 
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Case J. 

^falti.•! J. 20 yc.ni-.<:. CaFC rrconl: 20')7/il. 

In lliird Tnnnt]> of propnancy. Prcvion.'^ly woll, Sotne moderate nose 
ideedinps iIk* In.^l .| day.*; hofore ndinis.cion. Limp and tired. Came to 
J'.ar Dej)l. for iio.'jc Idecdinp.s. 

-■Vdniilted 27/JO 1011. 

J'ro}7i the status; General condition not affected. Very pale. Mucosae 
J)ale. Inndii.s tileri level with umbilicus, lib; <10 %. Red. corpuscles: 
2.0.7 million. Vliite corpuscles: 1,200. 

Diff. count: Gran. .Pi.r. %, Eo.s 2 %, Lymph .1-1.5 %, Monoc. 9 %. 

Tlirombocyte.s; 18,000. Bleeding-time: 12 >4 minutes (normal time 
2 — 1 mins.). Coagulation-time. lO mins (normal: 5—9 mins.). SR: 35 
mm/1 hour. The patient at first subfebrile; given several blood trans- 
fusions. Weber Condition relatively good, apart from the lowered 

blood values. See fig. G. On 25/11 her temperature rose to 39.4° C and she 
aborted without much bleeding. Bleedings appeared on the following days 
in conjunctiva, eye-grounds, urine, intestines, skin. Patient died 30/11, 
despite blood transfusions etc. Autopsy refused. 

Case 2. 

Ester E. 48 years. Ko. 3C7/42. 

Previously well. Had worked at gumming for 3 months. Lost some 
weight in 2nd and 3rd months; troubled with shortness of breath. A few 
days before admission she began to get cutancus hemorrhages, nose bleed- 
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ings, bleedings from the genitalia, continuing after admission to the Medi- 
cal Dept, on 14/2 1942, 

From the stains: Hb: 69 %, red corpuscles: 2.86 million, white corp- 
uscles: 5,700. 

Diff. count: Gran. 75 %, Eos. 1 %, Lymph. 19 %, Monoc. 5 %. 

Red corpuscles normal. Thrombocytes: 10,500. SR: 95 mm. Bleeding- 
time: 8 mins. Coagulation-time: 11 mins. Patient afebrile and unaffected 
until her temperature suddenl 5 »^ rose on 24/2 to 40.4°. General condition 
became very 'affected; consciousness lowered. Hb: 45 %, red corpuscles: 
2.52 million. The white corpuscles dropped: 600 — 340 — 420. Thrombo- 
cytes: 3,000. She received repeated blood transfusions. In spite of this 
she got steadily worse, with bleedings in skin and conjunctiva. Died 27/2. 

Autopsy. Pulmones: No free fluid in the pulmonary cavities. No 
adhesions. 

lilarked hypostasis in the dorsal parts. An abundance of subpleural 
bleedings in the form of dots over this area. Fairly abundant blood-stained 
mucosa in the bronchi. No signs of pneumonia. 

Cor: Ordinary size, abundant pericardial fat. Scattered subpericar- 
dial bleedings in the form of dots. The endocardium also displayed these 
bleedings, though more sparsely. Otherwise nothing unusual in cardiac 
lumen, valvulae, ostia, myocardium or coronary vessels. 

Hepar: Large, heavy, no subserous bleedings. Cut surface yellowish- 
white, resembling so-called reversed configuration. 

Lien: Normal, 

Renes: Ordinary size and consistency. Abundant subcapillary bleed- 
ings up to % inch in diameter. Hemorrhage foci up to the size of a pea in 
the parenchyma. 

Stomach and intestines: Normal. 

Preparations consisting of portions from liver, spleen, kidney, and 
bone marrow respectively were sent to the Radiopathological Institution, 
Professor 0, Reuterwall, Karolinska Hospital, Stockholm. 

' MicToscop>ic examination: A necrotic area, surrounded by a zone of 
hyperemic kidney tissue, was found in the kidney section at the boundary 
between medulla and cortex. In the centre of this necrotic area Avere 
several large clusters of Gram-positive cocci, without doubt staphylococci. 
The clusters in question were unquestionably of embolo-metastatic nature. 
The remaining tissue showed no noteworthy changes apart from hypere- 
mia. The spleen section showod stasis and findings resembling those in 
infectious spleen. The liver section showod quite pronounced stasis and 
also fattiness in places. Otherwise no noteworthy changes. The bone 
marrow showod both fat-marrow and active marrow, without noteworthy 
changes in the cell picture. 

Paiho-anatomical diagnosis; Septic embolic focus in the kidneys sample 
submitted + Stasis and hyperplasia in the spleen sample -f. Stasis in the 
liver sample. 
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Disa C. 31 years. No. -ISD — 12. 

Previously lieallhy. Increasing liredncss and shorlness ol breath 
during last 2 — 3 montlis. Yomiled several limes. The vomit smell of 
benzene. Abundant bruises. Treated at the Medical. Dept. 25/2—20/6 
19-12. From the status; Hb; 06 red corpuscles: 3.12 million, 
white: 2,500. Diff. count: Gran. 31 %, Eos.. 2 %, Lymph. 51 %, 
Monoc. 11 %, Plasma cells 1 %. Thrombocytes; 15,000. SR; 34 mm/1 
hour. Blecding-limc: 0 >4 mins. Coagulation-time and' prothrombin 
determination normal. Sternal punctate from 30/4 proved extremely poor 
in cells; olhcrwisc nothing remarkable. — Temperature subfebrilc to begin 
with. Patient given two blood transfusions. — 11/3 angina tons, with 
temp. 39.2° without effect on the blood values. 14/5 nausea, vomiting, ab- 
dominal pains downwards to the right. — Operation 14/5; Gangrenous 
appendix. After-course normal. 

In connection with the falling ill of the patient the white corpuscles 
rose to 4,000, to drop again to 2,000 one week later. SR for the whole 
lime was 20 — 25 mm. — After being discharged the patients improved 
verj* gradually, though still (June 1943) with cutaneus hemorrhages, 
headacehes, liredncss. SR 7 mm. Can manage moderate work. 
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Case 4. 

Elsa J. 43 years. No. 501/42. 

Previously well. Increasing tiredness and headaches during l^st 
months. Cutaneus hemorrhages for last 2 months. Menses somewha 
irregular and more copious recently. 

Treated at the Medical Dept. 2/3—27/6, 21/10—14/11 1942, 1/4— 4/o 
1943. — On admission she was gray-white in the face, with ahundan 
bruises on legs and arms. Her blood values are shown infig. 7. Bleeding- 
time: 5 mins. Coagulation-time: 19 rains (normal: 2 — 5 mins.). SB- 
07 mm. Diff. count; Gran. 53 %, Eos 2.5 %, Lymph. 27 %, Monoc. lG-5 %- 
Sternal punctate very poor in cells. Cells normal. 









Fig. 7; Case 4. The thick base-line gives the lime of Irealment in hospilal, 
the arrows show blood transfusions. 


She was given inter alia repeated blood transfusions, Fe, Campolon. 
In spite of this the blood values Avent down. Particular cause for worry 
when the leukocytes went do^Yn to 5S0/mm“. General condition relatively 
unchanged. She felt tired and had a great many cutaneus hemorrhages. The 
bleeding-time dropped in one month to 2 minutes. See fig. 7. After being 
discharged the patient w'as treated at the Out-Patients Dept., and also for 
two short periods in hospital again. Hemoglobin and red corpuscles 
showed improvement, white '"corpuscles and thrombocytes w'cre behind- 
hand. General condition now good, but she still gets a great many cuta- 
neus hemorrhages. She is tired and unable to work. 


Case S. 

Anna K. 38 years. No. 483/42. 

Previously healthy. For last two months had been tired, sleepy, and 
had got cutaneus hemorrhages. Treated at the Medical Dept. 28/2 — 30/5 
1942. 

From the status: General condition good. Abundant small hemato- 
mas on arms and legs, and numerous petechiae. Hb: 50 %, red corpuscles: 
2.38 million, white corpuscles; 1,700. Thrombocytes: 6,600. 

Diff. count; Gran. 9 %, Plasma cells 1 %, Lymph. 86 %, Monoc. 4 %. 
— Ada med. scandinao, Vol. CXVIIJ. 
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ir. 7V«mboc* 



Fig. 8: Case 5. The thick base-line gives the time of treatment in hospital, 
the arrows show blood transfusions. 


Bleeding-time; 11 mins. Coagulation-time 17 mins. Prothrombin 
determination normal. SR: 97. 

During her stay in hospital the patient’s general condition was good 
throughout. Afebrile. The bruises disappeared relatively quickly. The 
bleeding and coagulation-times returned to normal in 2 months. The 
differential count showed a shift in a lymphocytary direction, so that 
on discharge she had: Gran. 49 %, Eos. 11 %, Lymph. 30.5 %. Monoc. 
9.5 %. This eosinophilia is probably a chance occurrence, and has not been 
found in other patients. The thrombocytes increased again, and on her 
discharge on 29/5 were 101,000. The sedimentation rate kept at 90 — ^121 
mm the whole time, to fall when she had passed her crisis at the end of 
March. On discharge it was 8 mm. For other examinations see fig. 8. A 
remarkable fact is that, in spite of the treatments with blood transfusions 
etc., the hemoglobin and red and white corpuscles dropped considerably 
during the patient’s stay in hospital, to rise again subsequently. After 
being discharged she improved still more. As usual the thrombocytes were 
behindhand. 

29/9 1942: 160,000; 18/1 1943: 158,000; 1/6; 174,000. See the curve. 
The patient feels pretty -well, but easily gets tired and short of breath. 
Discharged as well on 1/6 1943, to begin undangerous wwk. 
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Rapidly recurrent gastric hemorrhage. 

By 

J. BOK, 

assistant at the Internal Ward of the Zuider Ziekenhuis at .Rotterdam 
(The Netherlands). Head; Dr. J. F. Tomv. 

(Submitted for publication April 18, 1944). 


At the beginning of 1943 we made a survey of our results con- 
cerning gastric hemorrhage in the Zuider Ziekenhuis at Rotter- 
dam. Although the number of cases was not great, there was one 
characteristic which this surv’^ej’^ brought out very clearly, which 
decided us to revise our treatment to some extent (Febr. 1943). We 
detected in fact a special indication for operative treatment. Simul- 
taneously with the results vdth this change in therapy, we thought 
it would be of interest to publish our conclusions, notvdthstanding 
the fact that the number of cases is small. 

Our treatment at first was as follows: 

We started from the point of view that everj’^ gastric hemorrhage 
should be treated internally. When a patient is taken up in a state 
of shock (either still bleeding or immediatly after the hemorrhage) 
if the shock is great or the hemoglobin very low, we administer a 
blood transfusion per intravenous dropping (100 cm® per hour), 
which stops the hemorrhage and the shock is usually quickly reli- 
eved. The patient is given no food per os before the hemorrhage had ' 
ceased for at least 24 hours. Then follows gelatine mixtures per 
os (1) and a few days later (4 — ^7) we proceed to the ulcer treatment, . 
with increasing quantities of food and strength of mixtures (prac- 
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recovered -without difficulty. We then traced out how these 6 pati- 
ents had died and what there clinical symptonns had been and 
observed that all six cases showed a similariig as regards their clini- 
cal symptoms. In all cases, namely, there was a rapid recurrence of 
the hemorrhages, one of wliich finally proved fatal. The clinic of 
these 6 lethal cases follows: 

Patient 1. (18/39). A woman, of 51 years of age, wlio for 30 years had 
suffered from gastric trouble, had a hematemesis this morning at home. 
There is no hemorrhage Avhen slie is admitted. After 24 hour fasting, pro- 
ceed in gelatine cure, she has another hemorrhage within 48 hours of 
admission from which she recovers spontaneously. After another 48 hours 
a sudden collaps, followed by death before blood transfusion could be 
given. 

Autopsy: Ulcer on the curvatura minor with eroded Art. gastr. sin. 

Pat. 2. (1218/40). A man of 49 years of age is admitted on account of 
gastric trouble. The day after admission suddenly in state of shock, from 
which he spontaneously revives. The following day again collaps and 
death -swthin % hour. 

Autopsy: Ulcus duodeni eroded A. gastr. dexl. 

Pat. 3. (1229/40). A man of 42 years of age, suffering for many years 
from gastric trouble, two days before admission had a hematemesis. Im- 
mediately after admission he receives gelatine mixtures per os. The fol- 
lowing morning patient goes into collapse. Blood transfusion give's so 
much improvement, that in the evening the patient is in an excellent con- 
dition. At night a sudden deep collapse, followed in hour by death. 

Autopsy: Ulcus duodeni, eroded A. gastric dexl. and two perforations 
in the pancreas. 

Patient 4. (1118/41) A man of 25 years of age on his ^vay to the Out 
Patients on account of gastric trouble, becomes giddy, vomits blood and 
collapses. Has revived when he is admitted. He receives an transfusion at 
■once. After 24 hours fasting a beginning is made ■\\'ith gelatine mixtures. 
Shortly after a collapse from hemorrhage, from which after a time he 
recovers spontaneously and is in good condition. Six hours later the 
hemorrhage is repeated and death follows vdthin an hour. 

Autopsy: Not possible. 

Patient 5. (2048/41). A woman of 68 vomilted blood yesterday, taken 
ordinary food this morning and then again vomitted blood. Slie had never 
had any trouble. On admission she is in a good condition. Two days later, 
during the gelatine cure she becomes restless, has hallucinations, goes 
into collapse and succumbs. 

Autopsy: not possible. 

Patient 6 (2046/42). A woman of 66, after a short period of gastric 
trouble, is admitted vdth a profus melaena and seems about to succumbs. 
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A great improA'ement follows upon blood transfusion. Three days later 
a sudden collapse, revived by bloodtransfusion to a good general condi- 
tion. Tsvo days later again a large hemorrhage with fatal result within an 
hour. 

Autopsy; not possible. 

Tims 6 similar cases, in which death occurred after the hemor- 
rhage had recurred several times within a short period, the interval 
always being less than 72 hours, while in one case the first recur- 
rance was fatal. 

The question therefore arises if it is this rapid recurrance which 
makes the prognosis unfavourable, in other -words RWhether as 
soon as the hemorrhage is rapidly repeated# the prognosis should 
be considered unfavourable. To answer this we need to know if 
there have been similar cases amongst the 42 successfully treated 
patients. It appears that there are only two cases of rapidly recur- 
ring hemorrhage in these 42 cases. In both of them there was 
one recurrence, but no more and in both these cases the recurrence 
took place within 72 hours. It appears therefore that: 

1 . Of the 8 cases in which the hemorrhage recurred within 72 
hours (once or more) 6 ended fatally, this is a mortality of 75 %. 

2. That these patients did not succumb to the first recurrence 
(in only 1 of the 8 cases did this occur) but to a 2nd. or even to a 
later one. 

3. That in a fatal recurrence death follows within an hour. 

It follows that We must not allow these patients a chance of a 
second recurrence, in other words operate ij possible directly after 
the first recurrence of the gastric hemorrhage. It would be difficult 
to avoid the first recurrence, as wc cannot see from the first 
haemorrhage Wether it will be a rapidly recurring one or not. It 
would force us to operate for every gastric hemorrhage. In our 
opinion, however, we should try to ascertain which cases of gastric 
hemorrhage proceed unfavourably vdth internal treatment and 
operate only upon these, so as not to subject all patients to the 
risks of an operation. 

Another question arises, namely whether we may keep to the 
term of 72 hours. As a matter of fact it seems as if this is per- 
m.issable, considering that in' 7 of the cases out of our material 
in which the hemorrhage was repeated at longer intervals (4 — 10 
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days) none ended fatally. Tlius it seenas as if the special hemor- 
rhage, ■which is repeated •vsdthin 72 hours, is a reason for abad prog- 
noses. ^ In the folio-wing we shall indicate this kind of hemor- 
rhage as R.R.H. (rapidly recurring hemorrhage). 

Thus, theoretically, there should he an operation after the first 
recurrence within 72 hours, as the internal treatment in such 
cases gives such a bad prognoses. 

But do we know anything about the prognosis ^vith operative 
treatment in such cases? In other words, amongst the 6 surgically 
treated cases (of 54) were there cases of R.R.H.? It appears that 
there Were three, -with 1, 1 and 4 recurrences respectively, which were 
operated upon. The folio-wing patient wall serve as an example. 

Pat. (No. 2097/42). A man of 60, suffering from gastric trouble for 30 
years, examined by us in the ward for his complaints. He gets a melena 
there ■^^^th shock symptoms and recovers after blood transfusion. The 
following day the hemorrhage is repeated and then again 4 times during the 
folio-wing days. It was then decided to operate, which took place immedia- 
tely after a hemorrhage, while still in a state of slight shock. The patient 
stood the operation well and the post-operative course was normal, (resec- 
tion, Billroth II, was made). 

Both the other cases were similar. 

The 3 cases of R.R.H. , which were operated upon all developed 
favourably. Therefore in February 1943 We decided to proceed to 
surgical treatment according to the following indication: 

If anyone, of whatever age, has a recurrence of gastric hemorrhage 
within 72 hours, an operation must take place at once, as soon as the 
shock has somewhat abated. On no account wait any longer, not ever 
an hour. We shall return in this directly (case No. 1858/43). 

Since then (after Febr. ’43) We have treated 37 gastric hemorrha- 
ges, the results of which follow (see also fig. 1). Of these 37, 8 
showed R.R.H. If the recurrence -within 72 hours had taken place 
at home and the patient was brought into hospital in a fair condi- 
tion without hemorrhage w^e operated immediately. Even if the 
patient in such a case is in an excellent general condition, the 
operation may not be omitted (see case no. 1858/43 p. 382). If the 
first recurrence took place in the hospital, the patient was imme- 
diately operated upon as soon as the shock had been overcome, 
occasionally even when still in a state of slight shock. During 


^ See also fig. 2. 
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the. operation a dropping transfusion was given. These 8 cases 
of R.R.H. Were in this way almost all operated upon before the 
2nd. repetition came (in one case after the 2nd. repetition), and all 
recovered. 

Of the remaining 29 cases there was one who had had the second 
hemorrhage more than three days before being taken in and where 
therefore the operation was postponed and proved in fact to be 
unnecessary. Tliis case, therefore, comes on the list of success for 
internal therapy. 

One patient with a gastric carcinoma succumbed in the first 
hemorrhage, under internal treatment. All recurrent hemorrhages 
with longer intervals than 72 hours survived under internal treat- 
ment (5 cases). 

If we combine these figures, from before and after Febr. 1943 
(see also fig. 2) it appears that of the 20 R.R.H. cases: 

9 internal treatment with 6 lethal (66.6 %). 

11 surgical treatment with 0 lethal 


0 intern Ircnlnient G lethal 
0 » 

0 » 

0 » 

t . (Ca) 

1 » . (peritonitis -t days 
ntlcr operation) 

0 . » 

0 • 

H.R.II. recurring at intervals of less tlian 72 Itours 

S.R.II. recurring at intervals greater tlian 72 liours 

S.C.II. liatlcnts continuous slow lieinorrliage 
S.ll. first licmorrliagc wliicli stops and is not repented. 

Fig. 2. 

Add to this the fact, that the 6 lethal cases are our only lethal 
cases with gastric hemorrhage (wnth the exception of the above 
mentioned Ca. hemorrhage). In our opinion these arc figures 
which, inspitc of these limited number, arc veiy- significant. In the 
schedule of fig. 2 We sec again that the lethal cases of our material 
lie especially in the group of the R.R.H. with internal treatment. 

‘ In all cases where was operated upon, a rcsectio vcnlriculi (Billroth, 1 or 
II) was made, iiji to the present. 


.iU 1 , , 

t 11 surgical 
I 11 intern 

12 S.R.II. ( , . , 

t 1 surgical 


10 S 


•19 S 


■C.H. I * 


intern 
surgical 
48 intern 
surgical 
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We have naturally asked ourselves wether there is an anatomi- 
cal substrature in this kind of R.R.H. If we examine the pathologi- 
cal anatomy of the. stomach revealed by autopsy of. resection, we 
arrive at the following remarkable results. 

At autopsy (3 cases) an eroded large artery was always found 
(art. gastr. dext. or sin). In the 11 resection stomachs an eroded 
large artery was found 8 times, once a large artery that ran through 
the base of the ulcer, but where no distinct opening was. to be found, 
once an eroded large vein and once the base of the ulcer was not 
examined microscopically as it was grown into the pancreas in such 
a way, that it could not be resected. 

Of the 13 times that an ulcer of a R.R.H. w^as microscopically 
examined, therefore, an eroded artery was in 11 cases the cause of 
hemorrhage, while in one case the artery was exposed but the 
opening could not be found. In the last case no other bloodyessel 
could be indicated as the cause of hemorrhage. 

It is therefore highly probable that when we have a R.R.H. to 
deal with, there is an erosion of a large artery. This does noi mean, 
that we operate «on accounts of arterial hemorrhage, We do not know 
if in a single hemorrhage which has given no cause for operation 
or has been obducted, an artery might also have caused the hemor- 
rhage, although this is not probable. We continue to operate, as our 
experience shows that with the R.R.H. irrespective of age, internal 
treatment causes a bad prognosis, while at the same time we would 
remark that in 85 % the erosion of a large artery is found. 

In defining the indications for operation it should be remarked, 
(p. 380) that we should operate »directly» after the first recurrence 
and must not wait even an hour, however good the general condi- 
tion of the patient may be. Die follo-\ving patient will serve as an 
example to support our conclusions: 

Pat. (No. 1858/43). A man of 36, Avho has had gastric trouble for 7 
years, gets a melena -with shock three days before being admitted, fol- 
lowed by spontaneous recovery. One day before admittance a hemateme- 
sis vdtb giddiness. At admission in a good general condition, no shock 
symptoms. Patient is quite warm, pulse 96 min., a tension of 110/80 and 
hemoglobinecontent of 43 %. 

The patient has therefore a R.R.H. and in our opinion must be operated 
upon at once. Considering the good general condition, we thought we 
might wit a little (3 hours). Immediately before the operation an inter- 
venous dropping transfusion vill be applied with physiologic salt. One 
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liour before (be appointed time for the operation the patient suddenly 
vomits a large quantity of blood, falls into violent slicclc. A transfusion 
is immediately applied and after (^vo hours the shock is pretty well over- 
come, so that we proceed to operate. It appeared that there ^\•as an ulcus 
ventriculi with erosion of .-Yrt. gastric sin. 

n the patient had been operated upon immicdiately, wc should 
have saved liinx from the danger of the second recurrence, a danger 
wliich we noiv luckely escaped, for if deatli follows it comes an hour 
after the beginning of the hcm.orrhagc (sec our lethal cases). By 
this example we wish to show that the recurrences may come very 
-quicldy one after another, a fact, which wc m,ust take into conside- 
ration, and therefore must not dcla}’’ the operation. Moreover it 
shows, that the good general condition should not deter us from 
immediate action, fn our opinion these cases of R.R.H., like gastric 
perforations, lielong to the department of acute surgery. 

Wc will 1 ) 3 ' no means maintain, that if wc follow’ these indica- 
tion, wc shall alwaA's operate upon a bleeding ulcer, although this 
will frcqucntl}' be the case. Cases of spleen or liver and spleen 
swelling fall outside these considerations. Tlie tables of Bulmcr 
show (2) that the origin of a hcmalcmcsis in 89 % is an ulcer and in 
5 % ^ carcinoma. It is quite possible that a Co. may be found some- 
times while operating. But the fact of the possibilil 3 ' of a Ca. is by 
no means a contra-indication for operating, if ayc realise the high 
morlalitA’ from R.R.H. EA’en Avith men of advanced age, although 
their complaints ma 3 ' be only recent, the R.R.H. .should he an 
indication of immediate operation. Wc operated upon 4 patients 
more than 60 3 'ears of age, all ulcers, upon this indication. In this 
connection Stolte sa 3 's »as long as the diagnosis is not est bli.shed 
Ave sliould be just as acliA'c as with an ulcus hemorrhage, cA’en 
A\’ith persons of adA’anced age. Avith a oshorlft anamneseft (3). If tlie 
diagnosis of Ca. is certain, Stolte considers it an additional rea.son 
for operation. 

lliat this method of treatment has introduced a ncAv indication 
is not the case, it is onty that in our material the indication comes 
out so strongl3' that aa'c consider it Avorth aa’IiiIc to communicate our 
experience. 

It is no ncAv theor 3 ' that the recurrence of a gastric hem.orrhage 
should be taken as a reason for operation. Hurst (1929) (- 1 ) consi- 
ders that internal therap}’, beginning AAOth 24 hours fasting is 
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preferable, except when the hemorrhage recurs before the patient 
has received anything per os, in which case operation is necessary. 
Hymans van den Berg (1930) (5) an Savy (1940) (6) take up the 
same point of view. Eusterman and Balfour (1935) (7) operate 
only on a recurrence of hemorrhage, mention no interval. In 1933 
Papin and Wilmoth (8) come to the conclusion that operation 
must take place when: 

1. the ulcer angioterdbrant (with erosion of artery). 

2 recurrence of hemorrhage. 

The ulcer angioterebrant according to him is probable, when 
»v4th a long ulcer-anamnesis, the hemorrhage, slight at first, recurs 
rapidly». 

It is remarkable that in the 11 eroded arteries of our material, 
we always experienced abundant . large hemorrhages and not a 
single small one. 
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The Electrocardiogram in Aortic Insufficiency, 

with special regard to the development of the left bundle branch 
block electrocardiogram. 

By 

HAKON RASMUSSEN, Oslo. 

(Submitted for publication May 15, 1944). 


In the course of the last ten or twelve years there has crystalliz- 
ed out of the large and somewhat obscure group of electrocardio- 
grams going under the name of myopathia cordis etc. a type, or 
rather several types of electrocardiograms, which may be sum- 
marized under the designation electrocardiograms of left ventri- 
cular hypertrophy. 

Wlien Thingstad and I in 1938 (5) Were investigating the car- 
diovascular changes in essential hypertension these electrocardio- 
grams aroused our interest in special degree. In the first place 
We noted, in concordance with other investigators, the great fre- 
quency of such types of electrocardiogram in hypertension. Second- 
ly, We believed to have proved that the enlargement of the heart, 
or rather of the left Ventricle, Was the decisive factor in producing 
these types, as there was a distinct correlation between the size 
of the heart and the electrocardiographic type. This view Was 
decidedly in conflict with the opinion that such electrocardiograms 
Were due to coronary sclerosis and anoxemic changes. Tliirdly, we 
thought to have sho^vn that the left bundle branch block electro- 
cardiogram (new terminology) must be regarded as a further stage 
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of development of the electrocardiogram of left ventricular hyper- 
trophy, being the electrical manifestation of the highest degrees of 
left ventricle enlargement. According to this view the principal, 
but not the sole cause of the left bundle branch block electrocardio- 
gram was to be found in an extreme enlargement of the left ven- 
tricle, and not in local lesions of the branches of the His-TaNVara 
S3'stem. 

In subsequent investigations I have assembled clinical data (7) 
in support of this view, and have shown by experiments (6) that 
it is possible by acute dilatation of one half of the heart to produce 
a retarded conveyance of impulses to a ventricle, attended by the 
production of bundle branch block electrocardiograms. 

Our material comprised patients with hypertension. It was 
then natural to investigate the form of the electrocardiograms in 
other cardiac diseases, the chief hemodynamic effect of which 
was extra w'ork for the left Ventricle and consequent hypertrophy 
thereof. Tn order to answer this question the present material of 
patients with aortic insufficiency has been collected from UllevM 
Hospital, Dept. VIIL 

In the first instance, it is of interest to ascertain, by the same 
investigator and with the same methods of investigation, how fre- 
quentty these forms of electrocardiogram occur in sneh lesions of the 
loft ventricle, and especially how strongly the left bundle branch 
block electrocardiogram is represented. Detailed analyses of the 
left axis deviation and of the importance of high voltage are also 
desirable. As the left bundle branch block electrocardiogram is 
chicfli’’ characterized by the broad QRS complex, it is necessary to 
trj' to show' that a lengthening of the QRS interval is also to be 
seen in the other electrocardiographic forms of hypertrophy. In a 
mass investigation, how'ever, this is especially difficult to ascer- 
tain, as the expected increases must be relatively small in propor- 
tion to the normal range of variation of the QRS complex. Mean- 
while the purpose might perhaps be better attained by following 
the development of the electrocardiogram in one and the same 
patient. 

In stud^'ing the electrocardiographic D'pes in relation to the 
teleroentgenogram, a question of special importance for our prob- 
lems, we have here, as in 1938, emplo^'ed the heart-thorax index, 
Grocdel’s index, although w'e might certainly have desired actual 



the electiiocardiogham in aortic insufficiency, with etc. 387 

determinations of the heart-volume. In favour of the use of the 
heart-thorax index for tliis particular investigation it may, hoiv- 
ever he mentioned, firstly, that it is the enlargement of the left Ven- 
tricle that is here of especial interest and precisely such enlarge- 
ment is clearly revealed by this index, secondly that the index is 
employed for a series of hearts in which only one and the same 
mechanical defect manifests itself. Moreover, the use of the semi- 
direct precordial leads was well suited to illustrate the relation 
between the left Ventricle hypertrophy curves observed and the 
left bundle branch blocks found, as has been done by Wilson, 
Mortensen (3) and others. 

Weber (9) and others believed that coronary changes and conse- 
quent anoxemia of the conductive system constituted the main 
cause of the hypertrophy electrocardiogram. It then seemed natu- 
ral to investigate the occurrence of angina pectoris in connection 
with the different forms of electrocardiogram, as well as the fre- 
quency of cardiac infarction and, where autopsy bad been made, 
also the condition of the coronary arteries. 

Of special interest are, finally, such cases as those in which the 
electrocardiogram changes during the course of the illness, some- 
times from one type to another. Hereby one will find support for 
the correctness of regarding the mentioned types as different Stages 
of development and will obtain information as to simultaneous 
changes in the size of the heart and the QRS interval.- 

Tlie material consists of 84 patients with aortic insufficiency, 
56 men and 28 women. Tlie age distribution is shown in Table 1. 


Table 1. 

Age Distribution in 84 Cases of aortic Insufficiency. 


Age 

11—20 

21—30 

■1 

41—50 

S|||||M 

61—70 

71—80 

81—90 


Number 

1 

1 

7 

14 

19 

32 

8 

2 

Total 84 


23 of them died and of these Were 19 autopsied. 54 were undoubted 
syphilitics, with positive Wassermann reaction, including one 
with congenital syphilis. 8 were certainly syphilitic, with nega- 
tive Wassermann but positive Meinicke Klarung II. 6 showed nega- 
tive seroreaction, but of these 4 patients had positive anamnesis 
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and autoblood was examined. Of these tj^ihoid vaccine is the 
only one which has been accepted by the Council on Pharmacy 
of the American Medical Association as an agent for nonspecific 
stimulation. All the preparations tested, except Omnadin and 
autoblood, caused nonspecific capsular swelling substance to be 
produced. Tlie response to gold and copper, however, was weak in 
rabbits, and as regards gold, variable or rare in man, as far as 
could be judged from the observations reported. On treatment 
over a long period with a constant dose of manganese the content 
of reactive substance in rabbits gradually decreased. In man, the 
reactive substance was observed to disappear entirely after a period 
of manganese treatment, while in response to sulphur the reac- 
tion only showed a decrease in strength. 

Neither after blood transfusion nor liver preparations (Hepto- 
min Tika) war there any formation of nonspecific capsular swelling 
•substance. 


Summary. 

Agents which are thought to be effective in nonspecific stimu- 
lation therapy were tested for their power to produce Lofstrom’s 
nonspecific capsular swelling substance, the acute phase protein, 
human being and rabbits being used as experimental subjects. A 
description of methods is given. 

Type 16 reactive substance was formed in rabbits after injec- 
tions of manganese salt, gold and copper salt, and sterile milk, 
but not from the use of Omnadin or autoblood. The most effective 
materials were salt of manganese, sulphur, and sterile milk. Con- 
• tinuous treatment with a constant dose of manganese and sulphur 
yielded higher titers at the beginning of the series than at 
the end. 

In man, type 27 reactive substance was formed after injections 
of manganese, sulphur, and typhoid vaccine, but not after blood 
transfusion. The effect of gold salt could not be definitely esta- 
blished from the tj'^pe of patients investigated — chronic polyarthri- 
tis. After continuous treatment with a constant dose of a man- 
ganese salt the reaction gradually decreased in strength, and 
in a couple of cases it disappeared completely. It remained 
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an arborisation block, 12 bad pathological electrocardiogram which 
cannot he placed witli certainty among tlie known types. A couple 
of Ihem, hoAVeVer, are probably atypical infarction curs'es. 

If we include, as lias previously been done, the left b.b. block 
among the electrocardiograms of left ventricular hypertrophy, 
we get 48 of these, or 57 per cent of all the electrocardiograms, or 



Figure 1. 

n. Kormnl Left axis ticvinllon. b. Type 1. c. Type IT. (1. Type III. e. Type IV. 

l.cfl b.b. blodi. 

Table 2. 

Tlie clcclrocnnllographic Types in Hypertension (R. &. T. 1939) and in aortic 

Insufficiency. 

Percentages in Pnrcntbcsls. 



Normal 
elect ro- 
cardio ■ 
grams 

Left ventricular Hypertropby 

Otlicr pa 
Ihological 
forms 


Type 1 

Type 11 

Type HI 

Tvpe IV. 
Left R. 
n. Block 

Hyper- 
lension .... 

31 

■ 

M 

25 

7 

19 

Total 100 

,\ortic In- 
sufficiency 

10 (19%) 

t (t.2) 

10 (12) 

31 (37) 

0 (7) 

20 (21) 

Total 81 


70 per cent of the pathological fonns. Table 2 gives a comparison 
of the electrocardiographic findings in hyperlension and in aortic 
insufficiency. The left ventricle hyperlrophy forms dominate still 
more greatly in aortic insufficiency than in hypertension, but in 
2C — Ada mcd. scandinav. Vo/. CXVIIL 
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hypertension 50 out of 68 pathological electrocardiograms Were 
left ventricular hypertrophy types, i.e. 72 per cent, that is' to say 
the same figure. Of considerable interest is the fact that type TV, 
the left b.b. block, is equally Well represented in both materials. 

With respect to the disturbances in rhythm and conduction, 
10 patients had permanent and 2 paroxysmal auricular fibrillation, 
2 had flutter, 2 nodal rhythm and 2 numerous ventricular extra- 
systoles. 9 patients had atrioventricular conduction disturbances. 
Which in four of them were considciablc, vnth P — Q measuring 
0.24 sec. or more. Three of these latter Were rheumatic. The pati- 
ent with rheumatic feVer in the anamnesis, wath Bechterew’s dise- 
ase and aortic insufficiency had an atrio-Ventricular conduction 
lasting 0.44 sec. 

In the further analysis of the electrocardiograms We shall devote 
special attention to the normal types and the different forms of 
left ventricular hypertrophy electrocardiograms, including left b.b. 
block, and shall try to elucidate the relationship between these' 
various forms. 

Left axis deviation. Among the 16 normal cases 8 have no dis- 
tinctly marked axis, 2 have right axis deviation, 5 left axis devia- 
tion and 1 has a variable axis. Whereas left axis deviation Was 
formerly included in the definition of the hypertrophy curves, this 
principle has here been departed from in 8 cases. In these 8 cases, 
of types Hand III, Rj is no doubt high, but Sju (Qm) is not deep. 
In other words, lead III does not yield the ty'pical picture. It seems 
justifiable to assign these curves to the electrocardiogram of left 
Ventricular hypertrophy for the following reasons: Firstly, because 
lead I is entirely characteristic, secondly, because (Fig. 2) the 
deep Siji may wax and wane with tlie respiration, thirdly, be- 



FigUre 2. 

No. 78. Lett ventricular hypertrophy curve without left axis deviation. 
Respiratory changes in lead III. 
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Figure 3. 

Left ventricular lij^jcrtrophy curves without left axis delation. 
No. 13. No. 50. 

A. 19th Nov. 1936; Left axis deviation. C. Ordinarv' leads. 

B. 16th Nov. 1937: High Riif. D. Lead I,‘ CRj and IVR. 



, . 

A lb A , Tb 

No, ‘le 


Figure 4. 

Precordial leads in left ventricular hypertrophy and in left b.b. block. 


No. 58. 

A. Left ventricular hypertrophy. 

QRS = 0.10. 

B. Lead I, CRj and IVR. 

Interval between intrinsic deflections 

0.04 sec. 


No. 55. 

A. Left b.b. block. QRS = 0.18. 

B. Lead 1, CRj and IVR. 

Interval between intrinsic deflec- 
tions 0.12 sec. 
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Table 3. ‘ 

Normal Electrocardiogram and left ventricular Hypertrophy Types. A^oltage 
QRS Interval and cardiothoracic Index. Averages. 



Normal 

electro- 

cardio- 

grams 

Left ventricular Hypertrophy 

Type I 

Type 11 

Type III 

TypeW 
LeftB. 
B. Block 

Aortic Insufficiency 

Number 

16 

D 

10 

31 

6 

Hcighl ol Rj Average 

9 

(10) 

18.2 

16.3 

12.8 

QRS Interval in 
1/100 sec. Average .. 

7.6 

(11) 


8.9 

15.3 

Cardiothoracic Index, 
Average 

2.04 

(1.94) 

1.70 

1.69 

1.57 

5 CO 
-uJ o 

K « 

Number 

31 

4 

14 

25 

7 

Cardiothoracic Index, 
Average 

1.96 

1.80 

1.75 

1.68 

1.61 


cause (Fig. 3) the same patient may have typical changes in lead 
in in one electrocardiogram, while these may fail to appear in the 
next, fourthly and lastly, because the findings in the precordial 
leads (Fig. 4) arc those typical of left ventricular hypertrophy (see 
later). 

High voltage. In the 16 normal electrocardiograms high voltage, 
which may be defined as an Rj deflection equal to or exceeding 
15 mm, was not observed in any case. The average voltage (see 
Table 3) is 9 mm (m. v. equals 10 mm). In type II there are found 
two electrocardiograms with Rj less than 15 mm, eight with 15 
mm or more, whereof five are 20 mm or more in height. The 
average height of R is 18.2 mm. In two electrocardiograms of 
tj’pe III Ri is less than 10 mm in height, in 9 it is between 10 and 
15 mm, while 20 have an Rj of 15 mm or more, in 7 of which it is 
20 mm or more. The average height of Rj is here 16.3 mm. In 
lype TV, left b.b. block, only two have an Rj of 15 mm or more, 
while two have only 5 and 6.5 mm respectively, and the average 
height is 12.8 mm. High voltage, judged by Rj, is thus rather 
characteristic of the electrocardiogram of left ventricular hyper- 
trophy, although it is not always present and is least conspicuous 
in the b.b. block curves, doubtless on account of the great wide- 
ning of the QRS complex. 
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Table 4. 

The Relation of the Heart Size (cardio-thoracic Index) to the Duration of 

QRS Interval. 

Correlation Table. 


19—19.9 

18—18.9 

i 17—17.9 

o IG— 16.9 

tH 

^ 15—15.9 

> 14—14.9 

a 13—13.9 

^ 12—12.9 

a 

,, 11—11.9 

o 

e: 10—10.9 

o 

^ 9— 9.9 

Q S— 8.9 

o 

£ 7— 7.9 

6— G.9 

• 



1 





1 




1 






1 






1 


1 

6 

1 

4 

5 

2 

1 

10 

1 

7 

1 

5 

4 


2 

1 


2.29—2.00 

1.99—1.70 

1.69—1.40 

Number of Cases 

Average QRS Duration 

11 

7.6 

imggii 

26 

10.2 


The QRS interval. In the hypertension material investigated 
in 1939 We found among 43 left Ventricular curves (types Hand 111) 
15 with a QRS interval of 0.10— 0.11 mm. In the present material 
the average duration QRS in normal electrocardiograms (Table 3) is 
0.076 sec., in type II 0.0825, in type Iff 0.089 and in type TV 0.153. 
We shall revert to this point v/hen dealing with the clectrocardio- 
graphic development in the individual cases. It is known that in 
small animals the QRS interval is short, in large animals long, wdiich 
fact is by Wilson regarded as having relation to the thickness of 
the ventricular wall (my own data; QRS duration in rat 0.015 sec., in 
dog 0.03, in infant child 0.035, in adult person 0.07. "Wliite: in 
elephdnt 0.16) — In Table 4 it is Sought to find a correlation be- 
tween the length of the QRS interval and th size of the heaiT (size 
of left Ventricle). Owing to the smallness of the material inVestigat- 
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ed the table cannot be said to prove, although it strongly suggests, 
that the larger left Ventricle has a longer QRS interval. 

Relation ’between size of heart (left ventricle) and type of electro- 
cardiogram. In five cases serviceable teleroentgenograms are lack- 
ing. In Table 3 is given the average heart-thorax index for the 
normal electrocardiogram and for the left ventricular hypertrophy 
forms, and here are also set forth the findings in the hypertension 
material. In both materials we find the same tendency towards 
larger hearts in case of increasing numerical order of left ventricu- 
lar hypertrophy. The concordance between the two groups of 
material must be said to be very good. The correlation table 
(Table 5) shows in detail the same picture. The semi-direct precordial 


Table 5. 

Correlation Table. 

The electrocardiographic Types in Relation to the Heart Size. 



leads CR2 and IVR present a characteristic appearance in the 
curvTs for left ventricular hypertrophy. In tlie lead CR2, R is 
either absent or else is small or relatively small, S is deep, ST is 
elevated and T high positive. The lead may be said to resemble the 
third lead. The lead IVR, has a high R, depressed ST and negative 
T, and it resembles the first lead. If CR2 and r\''R are registered 
simultaneously (Fig. 3 and Fig. 5), the late activation of the left 
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Figure 5. 


Development of left ventricular hypertrophy curves from normal electrocardio- 
grams. 


No. 6. 

A. i\ray 1937. QRS = 0.07 sec. 
Cardio-thoracic index = 1.97 

B. Oct. 1938. QRS = 0.09 sec. 
Cardio-thoracic index = 1.46. 


No. 71, 

C. Fcbr. 1941. QRS = 0.08 sec. 
Cardio-thoracic = 2.00. 

D. Dec. 1942. QRS = 0.11. 
Cardio-thoracic index = 1.84. 


Ventricle, expressed by the retarded intrinsic deflection over the 
apex, is very finely shown (Lewis, Wilson, Mortensen). These 
characteristic features were observed in 16 of the 18 cases investigat- 
ed, while 2 were only slightly atypical. In 14 cases of hypertrophy 
curves, types If and III, the typical picture was seen, and likewise 
in 2 cases of left b.b. block (type IV). The M-shaped complexes 
which Mortensen (3) found in IVF in cases of left b.b. block has not 
been observed by me either in this or in previous investigations. 

It has been sought to estimate the frequency of coronary diseases 
by noting the occurrence of angina pectoris and myocardial infarc- 
tion. 23 patients, or 27 per cent, had troubles which must be classed 
as angina pectoris. The distribution of angina pectoris in relation 
to the electrocardiographic types' is shown in Table 6. The same 
frequency of angina pectoris, namely, a little under one-third, is 
found, perhaps somewhat surprisingly, in all groups. This distri- 
bution speaks against the view that coronary disease forms the 
basis for the hypertrophy curves. In 6 cases clinical infarctions 
were present. 5 of these patients had infarction electrocardio- 
grams, while one had a left b.b, block electrocardiogram, which 
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Tabic 6. 

Frequency of Angina Pectoris in the different electrocardiographic Types. 



Normal 

Electro- 

cardio- 

grams 

tjtc n 

Type m 

TypelV 

Atypical 

Patients with Angina 
Pectoris 

5 

3 

9 

1 


Total Number of 

Patients 

16 

10 

31 

6 

15 


remained unchanged after the infarct appeared, with precordial 
friction etc. Two ot the diagnoses of myocardial infarction were 
verified by autopsy. One w'as in the anterior and one in the pos- 
terior wall. Otherwise it is somewhat remarUahle that four infarc- 
tion electrocardiograms were of the posterior w'all type, a fact 
which merely illustrates the difficulty of diagnosing anterior w'all 
infarction elcctrocardiographically when a left hypertrophy elec- 
trocardiogram is present. Infarctions superimposed upon hyper- 
trophy curves sometimes produce difficult electrocardiographic 
pictures, and among the atypical forms there are probably a couple 
of such cases. The employment of multiple precordial leads is here 
undoubtedly of advantage. 

In all of the 19 autopsies recorded good passage through the co- 
ronary arteries was found, except in one case wdth infarction of 
posterior wall, where the right coronarj'^ artery w’as occluded. A 
moderate degree of fibrosis was noted in five cases. It might be 
added that 6 patients with left ventricular hypertrophy electro- 
cardiograms, one of type II, 5 of type III, had no other sign of car- 
diac dysfunction. 

An alteration in electrocardiographic types during the course of 
the illness -was obsersTd in 7 patients. In 5 of them the electrocar- 
diogram in the course of from 10 — 17 months to 6 — 8 years changed 
from normal or slightly abnormal form to a left ventricular hyper- 
trophy curve, ty^pc III (Figs. 6 and 7). In three of these the heart 
during the same period became considerably enlarged, while in 
one patient with pulmonaiy tuberculosis it showed no certain 
alteration. In one patient the electrocardiogram changed from type 
III to type II in the course of a few days (regression of left ven- 

















THE EEECTROCARDlOCnAM IN AORTIC INSUFFICIENCY, WITH ETC. 397 



Figure 6. 

Development ot left ventricular hypertrophy curve from normal electrocardio- 
gram. 

No. 5C. 

1932. Normal electrocardiogram. QRS = O.OS see. 

1938. Left ventricular hypcrtroph 3 % Tj'pe II. QRS = 0.09 — 0,10 sec. 
1910. Left ventricular hypcrlrophj'. Type III — IV. QRS = 0.11 — 0.12 see. 



Figure 7. 

Development of left h.h. block (type IV) from Ivpc H and III. 

No. 45. 

A. March 1933. QRS = 0.09 see. 

B. Jan. 1930. Auricular fibrillation. QRS = 0.10 see. 

Cardio-thoracic index — 1.55. 

. C. May 1940, QRS = 0.14 see. 

Autopsy May 1940. Heart weight 1120 g. 

Thickness of left ventricular wall 25 mm. 



398 


hAKON RASMUSSEN. 


tricular dilatation?). Of special interest is No. 45, where the elec- 
trocardiogram changed from type II to type III in three years and 
in the course of the following four years passed over to type IV, 
left b.b. block. Noteworthy is also the QRS interval, which in 4 
out of 5 patients, with development from normal electrocardio- 
gram to type III, was distinctly and considerably increased in one 
case by 0.02 sec., in three by 0.03 sec. One patient had only a slight 
and doubtful increase (0.005). On development of b.b. block in 
No. 45 the increase was 0.05 sec. 

During the assembling of the material 6 cases of rheumatic com- 
bined mitral stenosis and aortic insufficiency, three of which were 
autopsied, were separated out. These electrocardiograms are of 
interest as a »negative control groups. Two of them are left ven- 
tricle hypertrophy electrocardiograms, of type II and type III 
respectively. Two have distinct right hypertrophy curves, two 
have pronounced right axis deviation, one of these being on the 
threshold of right Ventricle hypertrophy. Thus a supervening mitral 
stenosis entirely alters the electrocardiographic picture in aortic 
insufficiency. Among the 84 patients with aortic insufficiency 
alone no case with right hypertrophy curves was found. 

Discussion. 

In the investigation of hypertension material made in 1939 (5) 
50 out of 69 pathological electrocardiograms, i.c., 72 per cent, were 
of types characterized by left Ventricle hypertrophy, including 
also left b.b. block. In tlie present material, where another patho- 
genetic factor, namely, aortic insufficiency, occasions left ventricle 
hypertrophy. We find, with the same classification, that 48 out of 68 
pathological electrocardiograms, that is to say, likewise 70 per cent, 
indicate hypertrophy of the left ventricle. Not only do we find 
the left ventricular hypertrophy curves equally predominent in 
both materials, but also the left b.b. block, which we have pre- 
viously regarded as the maximum degree of left hypertrophy, is 
equally represented in both groups. 

By classifying the electrocardiograms expressive of the left 
ventricular hypertrophy and dilatation (more correctly: left retar- 
dation electrocardiograms) into 4 different types it has also here, 
been sought to show that these types represent stages in a process 
of development and that this development is determined by va- 
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rying degrees of left Ventricle enlargement. The most important 
point in this reasoning is the finding that the left hypertrophy 
electrocardiogram of type Ilf is a precursory stage of and passes 
over to type IV, namely, to the left b.b. block electrocardiogram, 
and that both are expressive of different degrees of left retarda- 
tion due to var 3 ung enlargement of the left ventricle, occasioned 
by h 37 )crtension or by aortic insufficiency. According to this view 
the principal, but not the only cause of left b.b. block is the great 
enlargement of the left ventricle. 

Left ventricular hypertrophy curve of type I is represented in ■ 
the hypertension material by 4 cases, in the present material by 1 
case. This type therefore docs not admit of any very searching 
examination and is of no great importance. Tj^ie 11 presents the 
difficulty that it may be simulated by changes due to digitalis. 
It is not always easy with certainty to preclude the effects of digita- 
lis, but in a number of cases it has been possible to do so. 

Left axis deviation can no longer be deemed requsite for the 
diagnosis of the left ventricle liyperlrophy curves, as the third lead 
needs not necessarily reveal a deep S. In 8 out of 41 li^qDcrtrophy 
curves (types II and III) the changes have been absent in the 
third lead, or have been only occasionally found. This is in accor- 
dance with Kaplan and Katz’s findings (2). It also accords with 
Robert’s demonstration (8) that the first lead is of greatest import- 
ance as regards the scat of the b.b. block lesions. While it was ori- 
ginally believed (Lewis) that left axis deviation was the sole sign 
of left hypertrophy, it has thus been reduced first to being only 
one of the signs and now even to being unneccssai-y for demon- 
stration of the left ventricular hypertrophy electrocardiograms. 

As in the hypertension material, it is also here found on exa- 
mining the relation of the electrocardiographic types to the tele- 
roentgenograms that the different forms of left ventricular 
hypertrophy, according to their numerical order, arc associated 
with increasing degrees of rocntgcnologically recorded cai'diac en- 
largement. We arc here assuming that the enlargement applies 
mainly to the left ventricle, but in some cases this assumption, jud- 
ging from the roentgenogram, docs not hold good, and large hearts 
arc then occasionally found without corresponding changes in the 
electrocardiogram. That the size of the heart increases with the 
rise in the typenuinber for hypertrophy seems to appear both 
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from the average figures for the heart-thorax index in each type of 
electrocardiogram and from the correlation table. Noteworthy is 
also the great similarity between the heart-thorax indexes for one 
and the same type in hypertension and in aortic insufficiency 
respectively. 

The precordial leads in the pronounced forms of hypertrophy 
and in b.b. block have exactly the same appearance. As has pre- 
viously been show by other investigators, these leads indicate a 
retarded activation of the left ventricle, i.e., the same fundamental 
process is operative in all these forms. 

Against the interpretation of the left hypertrophy curve as being 
the precursor of left b.b. block it has, %vith good reason, been objec- 
ted that an increase of QRS must also have been visible in the 
hypertrophy electrocardiogram, and such increase has not previously 
been demonstrated. The average figures for the duration of QRS in 
the different types show, it is true, some increase, but hardly suffi- 
cient to permit of dravtng any definite conclusions in such a small 
body of material. As was to be expected, the attempt to find a 
correlation between the QRS duration and the size of the heart 
(left ventricle) may indicate, but docs not prove, such a relation- 
ship. On studying the development of the individual cases, however, 
there has been found a distinct increase of the QRS interval, on 
transition from the normal electrocardiogram to the left ventricu- 
lar hypertrophy curves. 

The fact that the frequency of angina pectoris is equally great, 
whether the electrocardiogram is normal or shows hypertrophy or 
other pathological changes, speaks against the interpretation of 
the hypertrophic electrocardiogram as an indication of coronary 
sclerosis with anoxemia, for instance in the conduction system. 

Attension has especially been directed to cases where the deve- 
lopment from normal electrocardiograms to hypertrophy curves, 
or perhaps from one type to another, could ])c followed. In 5 pati- 
ents the transition from normal electrocardiogram to hypertrophy 
electrocardiogram of type III Was observed. 3 of the 4 cases where 
effective roentgen examination was carried out show at the same 
time a considerable increase in the size of the heart. The widening 
of the QRS has already been mentioned. In one patient it was 
found possible to follow the development from hypertrophy of 
type II to type III and further to type IV, left b.b. block. 
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Summary. 

1. In 84 patients with aortic insufficiency electrocardiograms of 
the types sliowing left ventricular liyjicrlrophy predominate among 
the pathological types to the same degree as was prc^>^ously found 
in eases of hypertension, 70 per cent of the pathological electrocar- 
diograms being left ventricular hypertrophy forms, including b.b. 
block. Left b.b. block occurs with the same frequency (7 per cent) 
in both of these left ventricular heart diseases. 

2. Left axis deviation needs not necessarily be present in left 
hjqierlrophy elcclrocardiogi-ams, seeing that the deep S(Q) in lead 
3 may be lacking. 

3. The electrocardiograms of left ventricular hypertrophy arc 
divided into four types and it is shown that these tjqics represent 
stages in one and the same jirocess of development. Corresponding 
to these electrocardiographic stages arc found increasing degrees of 
enlargement of the heart (left ventricle). 

4. That b.b. block in these lesions of the left heart represents a 
further stage of development of the hypertrophy enrves is proved: 
a) by study of the size of the heart, b).by precordial leads, c) by the 
observation of an increased QRS interval also in the hypertrophy 
cur\'cs, d) by the direct development of b.b. block in a patient who 
had previously had the typical electrocardiogram of left ventricu- 
lar hypertrophy (types II and III). 
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Anemia liyperchromica diphyllobothrica. 

By 

GUIDO TOTTERMAN, M. D., (Helsingfors.) 
(Submitted for publication May 3, 1944) 


Introduction. 

Since the end of tlie last century it jias been known that the 
broad tape-worm (Diphyllobothrium latum) may occasionally 
cause a disease which cannot be distinguished from the so called 
cryptogenetic pernicious anemia. An other similarity in the two 
diseases has later been discovered, i.e. that treatment With liver- 
and stomach-preparations, which is essential in cryptogenetic per- 
nicious anemia, is very effective in pernicious tape-worm anemia 
(Anaemia perniciosa diphyllobothrica) as well. Tlie number of 
persons taken ill with pernicious tape-worm anemia is Very small 
in comparison with the number of tape-worm carriers — they are 
only a fraction of one per cent. Besides this veiy much investiga- 
ted, and if I may say so, generally acknowledged anemia, caused 
by tape-worm, there are other types of anemia whicli have been 
connected with infestation with tape-worm. Hoff and Sauerstein 
consider that the broad tape-worm very often causes an anemia 
of hypocromic type. Schauman, who, on the contrary, has had 3 
cases of chlorosis in tape-worm patients considers the occurrence 
incidental. He based his conception on the fact that the blood- 
picture improved quickly by treatment with iron, as chlorosis gene- 
rally does, though the tape-worm Was not expelled. Vesa is of tlie 
same opinion after a negative result with liver in a case of tape-worm 
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and hj'pocroTnic. anemia. Yet none of these authors have tried the 
effect of anthelmintic treatment alone in the case of hypocromic 
anemia v'hich vrould of course be the only means of solving the 
question of a possible connection between the hypocromic anemia 
and the tape-v'orm. Saltzman has in one case of hypocromic 
anemia and tape-worm seen the reticulocyte count sink after ex- 
pulsion of the worm, while large doses of iron showed a clear increase 
of the count, fn none of the ten cases of tape-worm and hypocro- 
mic anemia that I have had the occasion to attend have I been 
able to find an improvement in the blood-picture after an anthel- 
mintic treatment. It docs not, therefore, seem to me probable 
that the broad tape-worm could cause an anemia of hypocromic 
t^^pc. Tlie case is different, however, as regards the light hyper- 
cromic or sometimes almost normocromic anemia wdiich is often 
found in persons infested Avith broad tape-worm. This Idnd of 
anemia (Anemia h^Tperchromica diphyllobothrica) improves after 
a vermifuge without any other treatment. I shall give a few exam- 
ples to illustrate this tjqie of anemia. Tlierc is a reason for me 
to do so, not because the changes in the blood in this disease can 
compete with the changes in the blood in pernicious tape-worm 
anemia, but on the account that medical and haematological books 
do not include a proper description of the light h^'percromic anemia 
in tape-worm carriers. 

G. Becker is the first one to have stated the presence of a light 
anemia, characterized by a somewhat increased color index, in 
persons infested vath broad tape-w'orm. He found such changes 
in the blood in nearly all lape-worm patients that he examined. 
As they occurred so often Becker considered that they were not to 
be taken as primary stages of pernicious tape-worm anemia as Ra- 
goza had alleged some time before. Some authors (Hoff and Sau- 
erstein, Odin) investigating the matter at a later date did not 
find any changes whatever in the blood in most of the carriers. 
In an investigation, completed in 1939, I Was on the other hand 
able to state the presence of a light hypercromic anemia in 14.8 
per cent of my material of persons infested with broad tape-worm. 
As this anemia was cured by anthelmintic treatment AVe must consi- 
der the cause of it to be tape-worm infestation. The greater part 
of my patients did not, however, show any signs of anemia. A 
light hypercronric anemia occurs, according to my investigation, 
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more frequently in tape-worm patients than does pernicious tape- 
worm anemia and yet it is not so common as in Becker’s and 
Ragoza’s material. 


Material and Results. 

My material comprises 24 cases, 15 Women’ and 9 men, all adults. 
Tlie corrected haemoglobin value in women varied from 72 to 96 
per cent, the mean value was 83 per cent. Tlie red cell count varied 
between 3,430,000 and 4,376,000 with a mean value of 3,949,000. Tlie 
color index varied between 1.01 and 1.10 with a mean valueof 1.05. In 
the men the haemoglobin value varied from 68 to 100 per cent, the 
red cell count from 3,110,000 to 4,600,000, the mean values Were 
87 per cent resp. 4,130,000; color index 1.00— 1.12 with amean value 
of 1.08. The anemia is, as seen, veiy^ moderate throughout. It may 
perhaps seem surprising that I have included a case in my material 
in which the corrected haemoglobin value was lOOper cent,but, in the 
case in question, the red cell count Was 4,470,000 wliich must be 
considered too low in a man. Because of the high haemoglobin 
value the color index was the highest in the whole material, i.e. 
1.12. The mean diameter of the red blood cells has been deter- 
mined in 10 cases and found to be normal. In 14 cases, in which 
the number of white blood cells were determined, a slight decrease 
in number was noticed, a case that may be found in tape-worm 
carriers, too, though no signs of anemia are present. 

I have used Ewald’s test meal in all cases but one, because, as 
is known, a deviation from the normal gastric acidity is observed 
in general in anemia and especially in pernicious anemia. We 
know, for instance, that the total lack of hydrochloric acid in cryp- 
togenetic anemia is always found and that achlorhydria appears in 
more than 80 per cent in advanced cases of pernicious tape-worm 
anemia. In 17 cases gastric acidity Was fairly normal. Tire occurrence 
of achlorhydria does not . appear to me to be too frequent nor does 
it diverge from what is noticed in non-anemic tape-worm carriers. 
In the 5 patients with achlorhydria no lower blood values in any 
form were found than in those that showed normal gastric func- 
tions. In tape-worm carriers with light hypercromic anemia there 
Were no divergencies from the normal in secretory functions, which, 
however, often is the case in patients with pernicious tape-worm 
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anemia even after an improvement of the disease as there is still 
achlorh 3 "dria in 50per cent of the cases. Perhaps a certain support 
is given herein to the idea — expressed by Becker — that the 
light hypercromic anemia in tape-vrorm carriers should not be 
considered a primary stage of pernicious tape-vorm anemia. 

As already' mentioned, light hypercromic tape-v-orm anemia 
as v'ell as pernicious tape-v'orm anemia may' be improved by' 
anthelmintic treatment. In the latter case liver treatment is 
generally very effective, as known, though the worm is not expel- 
led. It seems, however, as if the effect of liver treatment — as 
Saltzman has pointed out — is somcAvhat less in pernicious tape- 
worm anemia than in cryplogenetic pernicious anemia. Tliere arc 
some cases in which tlic blood values have not quite readied the 
normal by liver treatment, before the worm has been expelled 
(Becker, Saltzman). The blood is improved to a certain extent in 
these cases but the improvement docs not continue until the pati- 
ent has undergone a successful anthelmintic treatment. — How 
docs the light hypercromic anemia react to liver treatment? We 
know nothing about it with certainty'. I have therefore found it 
juslified to investigate the matter. By using an injectable liver 
preparation I have hoped to bring out the effect of a pure anti- 
pernicious liver factor on light hypercromic anemia in tape-w’orm 
carriers. 

12 of m,y' 24 patients with light hypercromic anemia "were sub- 
jected to a Vermifuge which gave a very' good result. Tlie blood 
picture Avas normal in some weeks though no other treatment was 
given. In the other 12 cases I tried tiie effect of an injectable liver 
preparation (Heptomin J^Icdica) in doses of 3 x 2.0. These doses 
have proved to be sufficient to bring about a complete improve- 
ment of the blood picture in the case of typical pernicious anemia. 
In one of the 12 cases all traces of anemia disappeared in one 
month. The haemoglobin value increased from 80 per cent to 100 
per cent, the red blood cell count from 4,200,000 to 4,960,000. The 
color index decreased at the same time from 1.07 to 1.01. In 5 cases 
there was a distinct, yet not complete improvement of the blood 
picture after liver injections. In the remaining G cases it looked as 
if the Heptomin had not effected the anemia favourably. In 4 of 
these 6 cases the blood picture was, hoAvcver, noticeably improved, 
in one case somewhat less, after a vermifuge had been administered 

27 — Ada mcd. scandinav. Vol. CXVJll. 
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to them all. The sixth patient did not appear for examination after 
the Vermifuge. — In 4 cases the number of reticulocytes wre 
counted after the Heptomin treatment. An increase was not 
noticed in any of the cases, not even in the case that improved 
noticeably by Heptomin treatment. Such a result was expected 
as the anemia was very slight in all these cases. 


Discussion. 

An injection of liver preparation thus showed a good result in 
only one of the 12 cases of light hypercromic anemia in persons 
infested with broad tape-worm. In 5 cases the effect was mode- 
rate; a vermifuge administered later was, however, effective in 
these cases. In the remaining 6 cases the Heptomin did not seem to 
have any effect. The decidedly slight effect of Heptomin on the 
light hypercromic anemia in tape-worm carriers appears to me to 
be important. If this kind of anemia were a primary stage of the 
pernicious tape-worm anemia an injectable liver preparation ought 
to be at least as effective as it is in pernicious tape-worm anemia, 
which is a much more serious disease of the blood. Perhaps this- 
observation may be interpreted as a support to the conception 
that the two kinds of anemia in tape-worm carriers do not differ 
in quantity only but also in quality. The few cases of pernicious 
tape-worm anemia which do not improve by liver treatment alone, 
without expelling the worm, may be of a kind in which a specially 
strong component of light hypercromic anemia is evident. In 
such a case the lesser effect of liver treatment on pernicious tape- 
worm anemia than on cryptogenetic pernicious anemia, noticed 
by Saltzman, may find a plausible explanation. In 1929 Saltz- 
man put forth a supposition in this question as follows; »the liver 
is adapted to the endogene factor, or, let us say, to a supposed 
organic insufficience independent of any outside factors which may 
have released it; but that it does not influence in the same degree 
or directly such exogene factors as, for instance, the one represen- 
ted by Bothriocephalus.9 Saltzman’s and my suppositions do not 
seem to me to be inconnectable, on the contrary, they seem to me 
to be quite connectable. My supposition is a trial to determine the 
action of the tape-worm more exactly. I should like to make a 
distinct difference between the light hypercromic anemia, caused 
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by a direct poisonous effect of the tape-worm on the blood and the 
blood forming organs and the genuine pernicious tape-worm 
anemia. Tlie effect of liver treatment on light hypcrcromic anemia 
is practically as ineffective as on the experimental hypercrom,ic 
anemia obtained in animals by certain blood poisons and tape-worm 
components. Tlie symptoms — dizziness, numbness, burning of 
the tongue and eosinophilia — often occurring in tape-worm 
carriers, indicate that components of the tape-worm are absorbed 
into the blood stream in a great number of cases, Tlris explains 
why the cases of light hypcrcromic anemia arc rather numerous. 
Absorption of tape-worm poison alone vill not cause pernicious 
tape-worm anemia. Other factors must collaborate to produce 
the disease. 


Summary. 

The author’s material comprises 24 cases of light hj’percromic 
anemia in persons infested with broad tape-worm. In all these 
cases the anemia was veiy' moderate, the gastric acidity normal 
and no connection between the secretion of hydrochloric acid and 
the anemia was noticed. In 12 of the cases a vermifuge was admin- 
istered and the effect on the blood picture was good. In the 
remaining 12 cases the effect of an injectable liver preparation was 
tried without removal of the worm. Tlie result was good in one 
case only. A favourable effect w'as noticed in 5 cases; an anthelmin- 
tic given later improved the blood picture still more. In 6 cases 
the liver preparation seemed to have no effect, Avhile the expulsion 
of the parasite Nvas effective. The poor effect of liver on the light 
hypcrcromic tapc-'w'orm anemia, the normal gastric acidity and 
the fact that this type of anemia is much more common than the 
pernicious tape-w'orm anemia are facts Avhich, according to the 
author, suggest that both these types of tape-worm anemia are 
not different stages of the same blood disease. The light hyper- 
cromic tape-w'orm anemia is perhaps caused by resorption of tape- 
worm poisons and may be compared with the experimental poi- 
son anemias in animals. The pernicious tape-AVorm anemia wall 
not arise out of this cause alone, other factors must evidently colla- 
borate to produce the disease. 



408 


nUIDO TOTTLRMAN. 


Cases. 

Cases 1 — 12 are contained in the anlhor’s treatise »€l)cr Sternalmark 
nnd Blut bci Wiirnitragems, in wliicli they are cases 63 , 66, 71, 73 , 74, 77 , 
S3, 86, 92, 98, 99 and 104. 

Case 13. Farmer, 40 years. 20. 10. 43. Hb 77/89. E 4,060, I l.io. 
HCl 0. Ta 10. Hcplomin 3 x 2.0. 28, 10, 43. ID) 81/94. E 4,400. I 1.07, 
4. 11. 43. ITb 73 85 E. 3,660. I 1.16. Vermifuge 25. 11.43 HI) 81/94 E 
4,250. I. 1. 11. 5. 3. 44 HI) 83/96. E 4,680. 1 1.02. 

Case 14. Soldier, 23 years. 16.10.43. Hb 80/93. E 4,320. I 1.07. 
Heploinin, 23.10,43. Hb 8i;94. B 4,600. I 1.02. 30.10.43. Hb 84|07. 
E 4,590. I l.OG. Vermifuge. 6. 11. 43. lib S0;93. E 4,560. I 1.02. 12. 11. 43. 
Hb S3 '96, E 4,680. I 1.02. 

Case 13. Clark, 43 years, 18. 1.44. Hli 78 90. E 4,490. I 1.00. HCl 
0. Ta 18. Heptomin. 26.1.44.111) 81,94. E 4,690. I 1.00. 2. 2. 44. Hb 
82/95. E 4,670. I 1.02. 9. 2. 44. 76/88. E 4,090. I 1.07. 16. 2. 44. Ill) 72/84. 
E 4,005. I 1.04. Vermifuge, 24. 2. 44. HI) 75/87. E 4.190. I 1.04. 2. 3. 44. 
Hb 78(90. E 4,420. I 1.02. 8. 3. 44. HI) 81/94. E 4,540. I 1.03. 

Case 16 . Farm-labourer, 30 years. 8. 10. 43. HI) 59, -CS. E 3,110. I 1.09. 
HCi.20Ta 60. Heptomin, 16. 10. 43. Hb 59,/68. E 2,960. 1 1.15. 27.10.43 
111) 66,77. E 3,350. 1 1.15. 8.11.42. 111) 77,89. E 4,440. 1 1.00. 22. 11. 43. 
78,90. E 4,250. 1 1.06. 2.12.43. Ho 68/79. E 3,870. 1 1.02. Vermifuge. 
14. 12. 43. HI) 84 97. E 4,620. T 1.05. 21. 12. 43. Hb 85/99. E 4,670. 1 1.05. 
28.12.43. Hi) 85/99. E 4,770. I 1.04. 

Case 17. Soldier, 22 years. 15.10.43, Hb 86/100. E 4,470. 1 1-12. 
HCl 20 Ta 45. Heptomin. 2M0. 43. HI) 80/100. E 4,500. 1 1.11. Ver- 
mifuge. 26.10.43. Hb 85/99. E 4,870. I 1.02. 18.11.43. Hb 86/100. 
E 5,000. I 1.00. 

Case 18. Soldier, 22 years. 20. 11. 43. HI) 70/80. E 4,200. I 1.07. 
HCl 5 Ta 25. Heptomin. 29.11.43. ITb 84/97. E 4,500. Il.OS. 7.12.43. 
Hb 85/99. E 4,680. I 1.05. 14. 12. 43. Hb 85/99. E 4,800. T 1.03. 21. 12. 
43. IH) 86/100. E 4,960. I 1.01, 

Case 19. Soldier, 23 years. 9.10.43. Hb 76/88. E 3,660. 1 1.20. 
HCl 29. Ta48. Heptomin. 18.10.43. Hb 80/83. E 3,820. 1 1.23.25.10. 
43. Hb 80/93. E 3,800. 1 1.22. Vermifuge. 1 . 11 . 43. Hb 81/94. E 3,980. 
11.18. 8. 11. 43. Hb 84/97. E 4,170. 1 1.16.15.11.43. Hb 85/99. E 
4,450. I 1.11. 

Case 20. Farmer, 38 years. 20. 10. 43. Hb 73/85. E 3,780. I 1.12. 
HCl 10 Ta 40. Heptomin. 17. 11. 43. Hb 67/78. E 3,110. 11.25. 

Case 21. Labourer, 39 years. IS. 12. 43. Hb 83/90. E 4,600. I 1.04. 
HCl 16 Ta 36. Heptomin. *27. 12. 43. Hb 84/97. E 4,640. 1 1.04. 3. 1. 41. 
Hb 86/100. E 4,800. I 1.01. 10.1.44. Hb 84/97. E 4,790. 1 1.01. 
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Case 22. Chambermaid, 23 years. 2. 2. 44. Hb G2/72. E 3,430. 1 1.05. 
H'C118Ta44. Heptomin. 9.2.44. Hb 70/81. E 4,010. 11.01. 16.2.44. 
HI) 71/82, E 3,920. I 1.04. 22.2.44, HT) 73/85. E 4,020, I 1.05. Ver- 
mifuge. 29. 2. 44. HI) 75/87. E 4,200. 1 1.03. 8. 3. 44. Hb 77/89. E 4,280. 
I 1.04. 

Case 23. Farmer’s wfc, 48 j’ears. 22. 1. 44, Hb 70/81. E 3,820. I 1.06. 
HCl 0 Ta 20. Heptomin. 2. 2. 44. IH) 69/80. E 3,830. 1 1.04. 9.2.44. 
HI) 69/80. E 3,910. 1 1.02. 16.2.44.111) 63/73. E 3,530. 1 1.03. Vermi- 
fuge. 23.2. 44. Hb 71/82. E 3,910. 1 1.05. 2.3.44.111) 73/85. E 4,030. 
I 1.05 8. 3. 44. HI) 77/88. E 4,320. I 1.02. 

Case 24. Farmer’s mfe, 57 years. 28.1.44.111) 67/78. E 3,860. 1 1.01. 
HCl 16. Ta2G. Heptomin. 4.2.44.111) 71/82. E 4,030. 1 1.02. 15.2.4!, 
HI) 75/87. E 4,300. 1 1.01, 23.2.44. 111) 75/87. E 4,290. I 1.01. Vermi- 
fuge. 29.2.44. 77,89. E 4,390. I 1.01. 
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Introduction. 

Two accounts of the occurrence of pernicious tape-worm ane- 
mia in persons infested with broad tape-worm (Diphyllobothrium 
latum) are found in literature. Tlic one, by R. Ehrstrdm, is often 
referred to in medical literature, the other one does not seem to 
have become known to any extent. It is included in an essay by 
T. Seppa. According to Ehrstrdm’s calculations, which are based 
upon approximations by physicians in the provinces, on the tape- 
worm frequency in various parts of the country and on the pre- 
sumption that not more than 100 cases of tape-worm anemia occur 
annually in Finland, the broad tape-worm will cause pernicious 
tape-worm anemia only in one case of 5,000 to 10,000. Seppa again 
found one case of tape-worm anemia in 659 persons infested uath 
broad tape-worm. His results were obtained by investigating the 
occurrence of tape-worm and tape-worm anemia in conscripts ad- 
mitted into the military hospital at Viborg. 0. Schauman and 
G. Becker, too, have dealt with this question but only en passant. 
Clinical material gave Schauman the result 1: 100 and Becker ob- 
tained the result 1: 168 from material in his private practice. Both 
these authors consider their material unsuitable and their results 
too high. 
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Ehrstrom’s and Seppa’s results differ greatly, as seen. Some 
objections may, however, be raised against Ehrstrom’s calculations. 
His figure for tape-worm cases arc based upon the estimations of 
proToncial doctors and must naturally be somewhat inexact when 
figures for the TVholc country are worked out of these figures. We 
must furthermore take into consideration that the figures 1; 5,000 
to 1: 10,000 are not based upon any statistics on the frequency of 
tape-worm anemia in the whole country and must consequently 
be very unreliable. 

Seppa’s results arc based upon examinations of patients in 
an internal medical department of a military hospital. If We again 
consider the kind of material — hospital patients only, in this 
case — too high values for tape-worm frequency miglit be expected 
as many patients admitted into hospital on account of abdominal 
trouble may have their symptoms caused simply by tape-worm. 
Seppa, however, emphasizes the fact that the soldiers’ stools are 
generally first examined at their army detachments and that a 
vermifuge is administered there, a measure, that in his opinion %vill 
reduce the number of tape-worm patients in the hospitals. An 
other remark that might be made against Seppa’s material and 
which seems to me more justified, is, that his investigation includes 
principally young men of conscript age. This may effect the result 
of the frequency of tapeworm anemia to some degree if we take 
into consideration that the disease, such as Schauman and Saltz- 
man describe it in their statistics, occurs mostly among the 20 — 30 
j'ear olds, but that it is quite common at a later age, too. It occurs 
frequently in the fourties and cspeciall}’’ in the fifties. 

On account of the remarks that may be made against Ehr- 
strom’s and Seppa’s material, and talcing into consideration the 
great difference in their results, I have considered advisable to 
carry out a new investigation on the occurrence of pernicious tape- 
worm anemia in persons infested with broad tape-worm, especially 
as solving the question may bo of great theoretical importance and 
perhaps of practical value, too. If Ehrstrdm’s figures are anything 
like correct the importance of the tape-worm as a producer of per- 
nicious tape-worm anemia is exaggerated in comparison with that 
of other intestinal parasites — which he also points out in his 
essay. If, again, Seppa’s results are correct they increase greatly 
the importance of the broad tape-worm as a cause of anemia of a 
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pernicious l\-pi-. As I have been vorjdng for a year and a half, 
(lurinfj llu> present war, at a place that is one of the most broad 
tape-worm infested places in this countn', and as the war 
hospital to which I am attached, is the one and only hospital for 
the inliabitants of this place, I )»ave had a veiy plentiful material 
at my disposal. 


Material. 

^^y material consists of civilians and soldiers admitted into the 
war hospital. My investigations have been carried out during 
a year and a half, 1.7.1912 — 31.12.1913. 'Hie stools of sur- 
gical patients were not ns a rule examined in 1912. In 19-13 prac- 
tically cveiy' patient in the hospital was examined for ova of tape- 
worm. On this account and for other reasons, which will be dealt 
with further on, I have treated the material separately for the two 
years. I have also kept the civilians apart from the soldiers. I 
have, however, included the labour conscripts in the group of sol- 
diers for the purpose of having some representatives of an older 
age in my material of soldiers. Lottas and nurses are included in the 
group of soldiers, loo, though their number was extremely .small 
in comparison with the whole material. 


Results. 

During the latter half of the year 19-12. 850 mililaiy patients 
were examined in respect of tape worm. 151. i.c. 17.8 j er cent of the 
soldiers were found to be infested with broad tape worm. 233 civi- 
lians were examined during the same period, and 151 of them or 
G6 per cent were found to be infested with broad tape-worm. Some 
policlinical material, comprising 273 civilians showed that 113 or 
•11,4 percent were infested with lape-w'orm. .(Vs only those patients 
who showed s}*mptoms of tape-worm w'ere examined for ova of tape- 
-\Yorm — the values 17.8 per cent and CG per cent must be considered 
somewhat too high. The policlinical material, again, is too small 
to give any definite results. 

In 1943\he stools of ever>’ patient in the hospital were examined 
in ro.spcct of tape-wonn eggs. 2300 records were at my disposal, 
1896 were of military patients and 410 of civilian patients. 275 or 
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14.5 per cent of the former and 245 or 59.75per cent of the latter were 
infested Nwth tape-vorm. In some policlinical material, comprising 
379 civilians, 209 cases or 55 per cent Were infested with tape-worm. 

My investigation material was rather extensive and as almost 
all surgical cases were examined and as the military patients came 
from almost all parts of the country I may venture to say, that the 
value 14.5 per cent, that I have obtained, represents an almost exact 
fact in the Finnish army. Seppa’s corresponding results support my 
statement. An examination of conscripts gave him the value 11.3 
per cent but he takes it that this value is 2 — ^3 per cent too low on 
account of anthelmintic treatment having been given in their army 
detachment and therefore he gives the final value of about 14per eent. 
Seppa’s value for the frequency of tape-wormin the army is almost 
the same as the value I have obtained; it may be considered a kind of 
approximate mcanvalue, too, of the frequency of tape-worm in the 
whole countrj'. There is an investigation, by Ollilainen, of a very 
recent date, on the frequency of tape-worm that is based upon 
soldier material, too. Ollilaincn’s values arc somewhere between 
Ehrstrdm’s rather high values and Seppa’s much lower values for 
the fre quency in various parts of the country. As his calculations 
arc based upon army dctachm.ents recruited almost entirely from 
the north of Finland he is not inclined to calculate a mean-value 
for the tape-worm frequency in the Avhole of the country. 

Before considering the occurrence of tape-worm anemja in 
tape-worm patients, I should like to make clear in a few words, 
what signs each case must show before the diagnosis can be made. 
Hie anemia must be very pronounced and of an evident hyper- 
cromic type and must react favourably to the expulsion of the 
worm* or to liver treatment. Tlie last mentioned therapeutics 
have been used in a few cases if the patients’ general condition 
has been too low to allow a direct anthelmintic treatment. 

During thelatterpart of 1942, 15 civilian casesof pernicious tape- 
worm anemia were treated in the hospital. The population of the 
district Was at the time 8,200 and with a calculated frequency of 
tape-worm of 50pcr cent an exact number of 4100 tape-iworm carriers 
is obtained. Based upon these figures the frequency of tape-worm 
anemia is 1: 273. If the frequency of anemia is calculated for the 
whole year the numbers of cases of tape-worm anemia ought to be 
at least twice the number, as a decided increase in tape-worm 
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anemia may generally be obsm-cd in spring and summer — Lind- 
slrdm points this out in his statistics. In the same half-year 29 
soldiers were found to be suffering from tape-worm anemia. Tlie 
calculated frequency of anemia was 1; 225 in the mililary' material. 
If these values arc rec.alculatcd for the whole year the frequency of 
anemia in civilians is 1: 136 and in soldiers 1: 113. 

In 1943 decidedly fewer cases of tape-worm anemia were noti- 
ced, onlj' in 12 civilians and in 21 soldiers. As the number of Chi- 
lians in the district had increased by 1000 the tape-worm anemia 
frequency among them will w'ork out at 1;383, in other words, 
about % of the value for the preceding year. The value 1: 241 was 
obtained from the militar}- material wliich is about half of the 
value for the previous year. 


Discussion. 

I have obtained exceptionally liigh values in my investiga- 
tions of the frequency of anemia in persons infested with broad 
tape-worm. I think, however, that they represent the true facts 
es])ccially as the civilian material at my disposal must be consi- 
dered most suitable for investigations of iJiis kind. It consisted 
of a population strongly infested with tape-worm, and living in a 
limited district. All ages wwe represented in adequate proportions 
in this group of people. This material allow'cd me to determine 
almost exactly tlic number of cases of tape-w'orm anemia and to 
make a fairly reliable calculation of the total number of tape- 
w'ornr carriers. The results obtained from the military material 
cannot, how’cver, be said to be quite reliable as it has been difficult 
to determine exactly the strength of tlie forces sending patients to 
the hospital and consequently the total number of tape-w'orm 
carriers on w'hich the calculations of the frequency of tape-w'orm 
anemia is, of course, based. I must, however, say that the results 
obtained from the militarj- material correspond Well, on the 
w'hole, with those of the civilian material. Both materials gave a 
considerably higher value for the frequency of tapc-w'orm anemia 
than did those mentioned by Seppa. Both materials sliow'ed as w'ell 
a distinct decrease in the frequency of tape-worm anemia in 1943 
■in comparison with the preceding year. 
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and in 2 syphilitic aortitis was. found on autopsy. Altogether there 
Were 68 syphilitics among the 84 cases. Of the remaining patients 
8 had rheumatic aortic insufficiency, including one NVith Bechte- 
rew’s disease Avho had previously suffered from rheumatic fever. 
All of these showed clinically and 4 also at autopsy valvular de- 
fects of the aorta only, with the exception of one who had a hemo- 
dynamically insignificant affection of the mitral ValVe. 3 were 
found on clinical examination and 2 also on post mortem exami- 
nation to have aortic stenosis at the same time, of very high degree 
in one case (autopsy). Post mortem examination thus revealed 
two cases of purely rheumatic aortic insufficiency. Cabot (1) 
found at autopsy 6 such cases’ vdth pure aortic insufficiency among 
93 patients with rheumatic aortic disease. 8 of our cases were 
without definite etiological diagnosis, 3 gave strong grounds for 
suspecting syphilis, 1 had diphtheria in the anamnesis, 1 had a 
severe affection of the kidneys in pregnancy, without diastolic 
hypertension, 1 had perhaps hypertension as basal disease. In 2 
cases the aortic insufficiency seemed to coincide vith aortic steno- 
sis. One of these patients was autopsied. Thus 68 cases, or 81 per 
cent, were undoubtedly syphilitic, Avith the 3 probables 71 cases, 
or 85 per cent. Of the remaining 15 or 19 per cent one half were 
rheumatic, one half of doubtful etiology. Of the undoubted syphi- 
litics 54 out of 68, or 79.4 per cent, had positive Wassermann (if the- 
3 doubtful cases are included the percentage will be 76). Sero- 
positive (WR or IVIKRII) were 62 out of 68, or 91 per cent, sero- 
negative 9 per cent. 

Carl Muller (4) in his autopsy material of aortitis cases from 
UlleVal Hospital found positive Wassermann in 82 per cent, which 
accords well with the figures given here. By aid of Meinicke Kla- 
rung Reaktion H the sero-positivity is thus now brought up to 90 
per cent. 

16 of the 84 patients had normal electrocardiograms. Of left ven- 
tricular hypertrophy curves (or left retardation curves, a designa- 
tion previously suggested by the author) we find 1 of type I (Fig. 
1, low and isoelectric Tj, left axis deviation), 10 of type II (lowered 
STi, diphasic Tj), 31 of type III (lowered STj, negative Tj), 6 of 
type rV or left b.b. block (QRS equal to or exceeding 0.12). Of the 
other types of electrocardiograms 5 patients had infarction curves, 
1 had Wilson b.b. block, 2 atypical b.b. block, whereof one was 
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of anemia of pernicious type. My results stress as well the fact that 
the tape-worm seems to be more dangerous in times of scarcity of 
food. 


, Summary. 

In 1942 tlic frequency of the tape-worm anemia was 1: 136 
and in 1943 1: 383 among a population strongly infested with broad 
tape-worm. The corresponding figures for a material of soldiers 
were 1: 113 and 1: 241. The author is inclined to combine the 
higher frequency in 1942 with the difficult food conditions in that 
year. Tlie scarcity or lack of Castle’s extrinsic factor in food may 
have played an important part. The value obtained by' Seppa from 
conscripts in peace-time, 1: 659, for the frequency of tape-worm 
anemia in tape-worm carriers may be considered to represent the 
lowest possible value for the frequency in question. 
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For the purpose of obtaining still more material for com- 
parison I turned to some of my colleagues, who had Avorked in the 
same district, before the Avar, and requested them to let me haA^> 
their opinion of the frequency of the tape-Avorm and of tlie tape- 
worm anemia in the district in question. According to DrN. Wesan- 
der every second person here AA'as infested A\ilh tape-Avorm and 
Avith 10 — ^20 cases of tape-AA'orm anemia a jear the frequency of 
anemia is 1: 300 to 1: 600. According to Dr A. J. Huuskonen the 
tape-Avorm and tape-worm anemia frequency Avas someAvhat higlier. 
The figures for the frequency of the tape-worm anemia estimated 
by these tAVo doctors lie betAVeen those I haA’-e obtained and those 
obtained by Seppa from a different material. 

My investigations sIioav, as seen, that the frequency of tape- 
AA'orm anemia may diverge somewhat. The reason may be found in 
some outside factors. According to Schauman’s and Saltzman’s 
statistics professions and hygienic conditions do not seem to be the 
cause of tape-AVorm anenua to any extent. The cause must pro- 
bably be sought in inadequate food. A suggestion in this direction 
was made by Biermer a long time ago already, in the case of crypto- 
genetic pernicious anemia. It lies close at hand to look for the cause 
of a considerable increase in the frequency of tape-Avorm anemia 
in 1942 in the food question, especially as food conditions Avere 
much better in 1943. Perhaps the increase of the frequency of the 
tape-AVorm anemia in 1942 Avas due to a scarcity or lack of Castle’s 
extrinsic factor in the food. Tliere Avas very little animal protein 
' especially in the diet of the cmlians in 1942. The good results in 
some cases of tape-Avorm anemia obtained by Kerppola, during this 
Avar, when using only yeast, give support to the above sugges- 
tion.' Yeast is, as knoAVn, rich in extrinsic factor. 

As Seppa’s investigations were carried out in normal times, 
on selected material from the point of vieAV of health, there is rea- 
son to suppose that his figures for the frequency^ of tape-Avorm 
anemia are not too high in any case. On the contrary — conside- 
ring the land of material and the time for undertaking the investiga- 
tion — one might say^ that they are the lov'est possible in theory. 
My A'alues, Avhich are considerably higher — Avere obtained during 
a time AVhen food conditions were difficult may in one A\ay be 
considered to be the highest possible. Both results underline, 
hoAA'eA'er, the great importance of the broad tape-worm as a cause 
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Morris and his collaborators. Results -with gastric juice have also, 
I learn, been obtained by Greenspon, Conner and Tochowcz, Care- 
fully evaporated gastric juice of hog should, according to Morris 
and Tocho-wicz be effective too. The doses must, however, be 
large, i.e. a quantity of 3.2— 5.7 litres of gastric juice per patient. 
Based upon the results of their investigations, these last mention- 
ed authors considered that the gastric juice contains ready form- 
ed antipernicious matter, Castle and collaborators. Pouts, Helmer 
and Zerfas, Heinle and Miller and Ungley, Durk and Lond consi- 
der the excellent results with gastric juice due to the fact that 
it always contains small quantities of extrinsic factor. 

Experiments have also been carried out with ventricle extract 
in pernicious anemia. Meulengracht and Hecht-Johansen tried to 
produce a preparation of hog’s stomach according to the same 
principles as the production of liver extract for use by mouth, 
without obtaining any effect in one case of pernicious ane- 
mia. Wilkinson and Klein have tried to produce effective per- 
oral extracts from hog’s stomach by various methods of ex- 
tracting. They did not succeed in this but obtained good results with 
expressed stomach juice. If the proteins in this effective pre- 
paration were precipitated the filtrate had no effect. The preci- 
pitate still contained active matter. If this matter was incubated 
with beef of stomach muscle a thermostabile antipernicious matter 
was obtained- The effective matter in the gastric wall was noticed 
to be very sensitive to various influences. It was never exposed to 
a temperature of more than 45° C at any stage. Autolysis in the 
presence of free hydrochloric acid, prolonged digestion with pepsin 
and hydrochloric acid or trypsin were injurious as well. The active 
principle evidently occurred in very small quantities and on this 
account great quantities of ventricle had to be prepared. 

Wilkinson’s and Klein’s results, which were based upon a care- 
ful and thorough investigation, support Castle’s hypothesis. Tliis 
is, however, not the case in the results obtained with injectable 
sti mach extracts. Ederle, Kriech and Gansslen have used ventricle 
extract which have been produced somewhat differently to Ganss- 
leu’s liver extract. Closer explanations of the way of obtaining the 
extracts have not been published. With an extract of 4 g of sto- 
mach daily they obtained a clear improvement in the blood picture 
in pernicious anemia. These authors’ investigation is of the same 
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lime as that of Wilkinson and Klein. Aubertin’s and Hector’s in- 
vestigation is of a considerably later date (1938). They also reached 
a good result in pernicious anemia with their injectable ventricle' 
extract. They do not either give any information of the way of 
producing the extract but point out, that it is more difficult to 
obtain injectable extract of ventricle than of liver. As these results 
•u-ith injectable ventricle extract do not quite correspond w’ith 
Castle’s hj^pothesis and Willdnson’s and Klein’s results I have con- 
sidered it advisable to give an account, in short, of my experiments 
with injectable ventricle extracts which were carried out in 1936 
and which have not for various reasons been published. 


Methods. 

The venlricle extracts are produced as follows. As the anlipernicious 
substance of the stomach may be destroyed by pepsin (Greenspon, Castle, 
Wilkinson and Klein) but can withstand alkaline reaction (Unglev, 
Castle) tlie ground hog’s stomach was extracted with an alkaline [pH 8) 
of 20 per cent alcohol solution at a low temperature. Low temperature 
and alcohol inhibit, as knov’n, the effect of pepsin and trypsin. The ex- 
tract was filtered and the remainder was treated again in the same way. 
Acoliol was added to both extracts which had been mixed until the mix- 
ture contained 70 per cent of alcohol. Through this procedure the pro- 
teins were precipitated almost completely. The precipitate was removed 
and after acidifying the filtrate it was evaporated in vacuo. As the remain- 
der still appeared to contain protein, alcohol was added until the mixture 
contained 70 per cent of alcohol. After a new filtration and evaporation, 
and sterilized through a Seitz filter the extracts were ready for use. Alto- 
gether 7 extracts of in all 50 kg hog’s stomach were produced. 5 extracts 
were made of stomach with the fundus removed and 2 of fundus only. The 
strength of the extract varied from 5 to 15 g, of stomach per ml. To ascer- 
tain that they were free from protein they were controlled with sulpho- 
salicylic acid and that they were not toxic by tests on rabbits. The extracts 
have been produced for me at the medicine factory »Medica» by Mr S. Pe- 
tander, Engineer, to wliom I wish to express my thanks. 


Results and conclusions. 

Hic two extracts of fundus were given as intramuscular inject- 
ions in one case of cryptogenetic pernicious anemia and in one 
case of pernicious tape-worm anemia. The former patient received 
altogether 100 cm® of extract during about two weeks. Tlie blood 
picture did not improve in either case. The 5 extracts of stomach 
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wth tile fundus removed were tried in 5 cases of crj-ptogenetic 
pernicious anemia and in one case of pernicious tape-worm anemia. 
The treatment and the si^e of the doses were, on the whole, the 
same as in the experiments with the fundus extracts. I should like 
to point out that the doses I used were many times larger than 
those given by Ederle and his co-workers. In connection with the 
treatment one of the patients wdth cryptogenetic pernicious anemia 
and the patient with tape-worm anemia showed a slight improve- 
ment of the blood values. The red cell count increased AWtli about 

1 million within a month, the hemoglobin percentage increased 
proportionally somewhat less. In the other 4 cases no increase of 
the blood values was observed although the reticulocyte rose to 11 
per cent in one of these 4 cases. Tliough I used very large doses in my 
experiments a moderate improvement of the blood w'as obtained in 

2 cases only. This effect may have been caused on account of the 
extracts containing antipernicious matter. It may have been form- 
ed in connection with the production of the extracts in collaborat- 
ion with the intrinsic and extrinsic factors contained in the sto- 
mach. The extractions were carried out, as mentioned, at a reac- 
tion of pH 8, wiiich ought to be verj' favourable for the production 
of antipernicious matter. The results of my investigation must be 
considered to correspond w-ell with Castle’s liypothesis, Wilkin- 
son’s and Klein’s results and Ungley’s observations and thus do 
not support Morris’, Tochowicz’ and Greenspon’s conceptions of 
the presence of ready formed antipernicious matter in the sto- 
mach. In one case of crj'ptogcnetic pernicious anemia I admi- 
nistered the extract by mouth (15 g, 4 times daily) in connection 
with meals during 10 days. An increase of the reticulocytes or an 
improvement of the blood picture was not noticed. The result 
corresponds with Wilkinson’s and Klein’s results and, as these 
authors pointed out the reason herefore is that the active principle 
of the stomach is precipitated together with the proteins. 

My experiments with injectable extracts of stomach in perni- 
cious anemia were negative whereas Ederle, Kriech and Gansslen, 
and Aubertin and Hector liaVe obtained a positive result. The 
favourable result obtained with their extracts may depend on the 
extract not being quite pure and may have contained besides small 
quantities of protein also active principle of the stomach. 
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Summary. 

Experiments witli injections of conceniraled stomach extracts 
in pernicious anemia liavc given negative results contrary to the 
positive, results of Ederle, Kricch and Giinsslcn, and Aubertin 
and Hector. The extract given by mouth did not either have 
an effect, which maj' be caused by the precipitation of the active 
stomach principle together with the proteins (AVilJtinson and 
Klein). 
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Furthermore on the question of the pathogenesis 
of pernicious tape-worm anemia. 

A preliminary report. 

By 

GUIDO TQtTERMAN, M. D., (Helsingfors). 

(Submitted for publication May 9, 1944). 

Introduction. 

In a treatise on the pathogenesis of tape-worm anemia I have 
made myself a supporter of the conception that the pernicious 
tape-worm anemia appears in tape-worm carriers who have become 
hypersensitive to the worm. I had been able to state a decline in 
the blood picture in pernicious- anemic direction in persons who 
had previously suffered from pernicious tape-worm anemia, when 
they had had to take small doses by mouth of dried tape-worm 
whereas healthy persons and persons with cryptogenetic pernicious 
anemia did not seem to react in this way. v, Bonsdorff doubts, 
however, that my conception is correct. He bases his opinion 
on experiments with liver extract which has been exposed 
to the influence of tape-worm. He points out that when his 
patients received these preparations they received tape-worm 
substances too, which did not lessen the influence of the liver 
preparation, which, again, according to V. Bonsdorff, ought to 
have been the case, if my conception had been correct. An object- 
ion may, however, be made against rhis way of reasoning. In the 
greater number of v. Bonsdorff’s cases tape-worm extracts, soluble 
in water, were used whereas I had thought that the tape-worm 
poison should be soluble in alcohol. In 3 cases only alcoholic 
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extracts of tape-worm were used by him in few doses and rela- 
tively small ones, in comparison with mine. Besides, the quan- 
tities of liver extract were throughout larger than those generally 
considered necessary for producing a remission in pernicious anemia 
and in pernicious tape-worm anemia without removal of the worm. 
V. Bonsdorff words his conception of the part played by the tape- 
worm in the rise of pernicious tape-worm anemia as follows:!) . . . 
that just the occurrence of the parasite in the intestinal canal forms 
the most significant factor, not an indirect effect of a toxic or 
allergic nature.s R. Ehrstrom has expressed the same ihought 
previously. If I understand V. Bonsdorff correctly, he considers, 
that the results of my experiments may be explained by the aid 
of his supposition but in which way he does not say, however. 
V. Bonsdorff has later investigated the effect of the tape-worm on 
Various enzymes in human gastric juice and the presence of stom- 
ach enzymes in pernicious tape-worm anemia without yet having 
found a solution in this way to the question of the rise of pernicious 
tape-worm anemia. I have again continued along the road I start- 
ed and have considered important, in the first place, to make it 
clear whether the tape-worm matter, principally those soluble in 
alcohol, administered parenterally, have the same effect as if admi- 
nistered by mouth. If the effect is independent of the way of ad- 
ministration it would speak against v. Bonsdorff’s idea that the 
presence of tape-Avorm in the intestinal canal is the most significant 
factor but it would speak for my supposition that a rcsorbtion of 
tape- worm poisons arc essential to give rise to pernicious tape- 
worm anemia. If the effect of the injected tape-w’orm extract 
is different, depending on whether or not the tested person has 
previously suffered from pernicious tape -Worm anemia, it would 
again support my supposition that a variable sensitivity to tape- 
worm poison in tape-worm carriers plays a great part in the patho- 
genesis of pernicious tape- worm anemia. 

Methods and Material. 

Fresh, Avashed, broad tape-worm has been ground in a mortar to 
a homogenous mass with purified quartz sand. The contents of the 
mortar has during one week been extracted with a mixture of equal 
parts of ether and 96 per cent alcohol. Filtering and slow evapbra- 
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lion of the filtrate on hot but not boiling water-bath. Suspension of 
the tough, dark yellowish-brown remainder in pure almond oil and 
sterilization in water-bath. In this suspension one gramme of 
almond oil has come to contain the extract of 10 grammes of fresh 
tape-worm. Tlie doses have generally been 0.5 ml (= 5 g fresh or 
about 0.5 dried tape-worm) oil-suspension per time. This dose, 
administered daily, was somewhat larger than the one I used in 
my earlier investigation (0.3 g dried tape-worm per day). The 
injections have been administered intragluteally. My material 
comprises at present 3 snormab cases and 2 persons just recovered 
from pernicious tape-worm anemia. 


Results. 

In my unormab cases (1 — 3) the question has been of patients 
taken into hospital on accoxmt of troubles in the nervous system. 
In cases 2 and 3 broad tape-worm was found incidentally. None 
of these patients suffered from anemia, I purposely included cases 
of broad tape-worm with no anemia for the purpose of stating how 
the reaction of injections of tape-worm lipoids is in such a case 
and to be able to compare it with that of patients who had previ- 
ously suffered from pernicious tape-worm anemia. — In case 1 
0.5 ml of suspension of tape-worm extract were given from 2, 2, 44 
to 20. 2. 44, altogether 19 injections. The hemoglobin and red cell 
count did not show any certain decrease during this time. The 
total number of white cells increased somewhat, and the eosino- 
philes rose from l,5to 7,5 per cent. In case 2 a slight decrease in the 
hemoglobin value and red cell count was noticed after the inject- 
ions, but later both values showed a tendency to improve though 
the injections were continued. The number of eosinophiles increased 
somewhat. In this case injections of 0.5 ml were given from 8. 2. 44 
to 21. 2. 44. In case 3 injections of the same kind and quantity 
were given almost daily during 5 wcelrs (13.1.44 — ^20.2.44). During 
the 3 first weeks the hemoglobin decreased from 97 per cent to 
to 85 per cent and the red cell count from 4,790,000 to 3,960,000, but 
both increased later as in the previous case, though the injections 
were continued. The eosinophiles increased successively up to 17.5 
per cent. In neither case was a Vermifuge given during the period 
of injections. Case 4 was a typical case of pernicious tape-worm 
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anemia wliicli had been completely cured after a vermifuge. Soon 
after, from tlie 15.1. to the 26. 1. 44 the patient received a daily in- 
jection of 0.5 ml of Bothriocephalus extract pro dosi. A tenderness- 
in the spot, where the injection was given, was noticed. It was 
acute in the beginning but lessened somewhat later on. Tlie patient 
suffered as well sometimes from headache and chilliness. The 
hemoglobin value decreased vdth 16pcr cent and the red cell count 
decreased with 1 million within 2 weeks. The color index and num- 
ber of cosinophiles remained unchanged on the whole. On account 
of the quiclc decline of the patient’s blood picture the injections 
•were stopped, which caused the blood Values to rise constantly. 
Tlic starting value was reached without treatment almost within 
about 3 weeks. Case 5 was a patient, who had just recovered within 
2 months from his pernicious tape-wornr anemia after a vermifuge 
had been administered. He was given 15 injections of extract of 
0.5 ml witliin 15 days. The hemoglobin decreased during this time 
from 101 per cent to OOper cent and the red cell count decreased with 
somewath more than 700,000. TJic color indexrose fronr 1.01 to 1.07. 
Tlic cosinophiles had risen from 2 per cent to 17.5 per cent. Tlic 
patient did not feel well during this time and lost his appetite. For 
this reason the tests were discontinued. Then the red blood picture 
improved spontaneously within 3 weeks and the cosinophiles decreas- 
ed to 5 per cent, A new lest was made with tape-worm extract which 
had been obtained after having dissolved the alcohol-ether extract in 
petrolcthcr. After the evaporation of the pctrolclher the remainder 
was suspended in almond oil. bi this way a pure lipoid extract was 
obtained. 2 ml of this suspension was given daily during 2 weeks. 
The hemoglobin was reduced from 97 per cent to 94 per cent, the red 
cell count was reduced by 300,000. The color index increased from 
1.01 to 1.01 during the same period, and the cosinophiles rose from 
5.5pcr cent to 10.5 per cent. The test was discontinued at this point 
as the patient had to leave the hospital for Various reasons. 


Comments. 

In one of the morn’ah) cases no decrease in the blood values 
was noticed during the time the tape-worm extract was admin- 
istered. In the other 2 cases the Values decreased in the beginning 
hut inci cased later though the injections were contmued. A simil- 
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ar case was observed by Nyfeldl in his tests on animals vlth 
Bolhrioloxin. Wicn using constant doses the changes in the blood 
picture disappeared gradually; only by the aid of continually 
increased doses did he succeed in causing a severe anemia of hyper- 
cromic IjTpe in his test animals. Tlierc is much tliat points to the 
case being similar in persons. Tallqvist thus caused in liimsclf a 
distinct h>’pcrcromic anemia when taking increasing doses of tape- 
worm lipoids by mouth, fn my 2 cases in wliicli a pernicious tape- 
worm anemia had occurred shortly before, the case seems to liave 
l)een somcw'hal different. In both cases a greater decline in the 
blood picture than in that of the »normal» cases was obsen'ed after 
the use of constant doses of tape-worm extract and the blood did 
not improve until the injections were discontinued. The injections 
were stopped as the two patients fell ill and lost their appe- 
tite at the same time on account of the rather .sudden decline of 
the blood picture. In 3 of the cases, i.c. the one that had suffered 
from tape-w'orm anemia and 2 of the nnormak cases a strong in- 
crease of the eosinophiles was noticed during the time tape-worm 
extract was administered. They decreased rapidly again when the 
injections were stopped. Perhaps there is in this a certain evi- 
dence that the tape-worm poisons administered were genuine. 
Tape-worm infestation often leads to cosinophilia, as known. A 
moderate increase of the sedimentation reaction was noticed in all 
cases as long as the extract was given to the patients. 

The result of this invc.sligalion corre.sponds on the whole well 
w'ith the re.sults obtained in my previous investigation with con- 
stant small doses of dried tape-worm or alcohol-extract givenby 
moutli. In both cases a decrease of the blood values was noticed in 
persons w'ho had suffered from tape-worm anemia previously. 
These blood changes w'erc quickly cured when the tape-worm pre- 
parations were stopped. The passing decline of the blood picture 
that was noticed in some of the normal persons after tape-worm 
extract injections had been given, w'as not noticed at all when dried 
tape-worm and an alcoholic extract of it were administered by 
mouth. This might perhaps mean that tape-w'orm matter w'as not 
resorbed, without hinderance, into the blood stream, in all circ- 
umstances. This conception is also supported by the results, obtained 
by Sieveus, w’hen examining, the material of m)"^ previous investi- 
gation. He discovered tape-worm antibodies in a greater number 
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of patients "who had previously suffered from tape-worm anemia 
or who suffered from cryptogcnctic pernicious anemia than in 
other persons. Tlicse observations may give a certain support to 
the idea maintained by Seydcrhclm among others, of an increased 
permeability of the intestinal canal in pernicious anemia. It can- 
not, however, be a decisive factor in pernicious tape-worm anemia 
as all persons should then have to react in the same way to the 
injections of tape-worm particles and my investigation shows 
clearly that this is not the case. Tlic result of my investigation 
supports the supposition I have expressed before that a hypersen- 
sitivit}' to the tape-worm plays an essential role in the pathogenesis 
of pernicious tape-worm anemia. 


Summary. 

An alcohol-extract of broad tape-worm administered paren- 
tally in constant doses caused, in two persons who had suffered 
from pernicious tape-worm anemia, a clear decline in the blood 
picture which improved spontaneously only when the pre- 
paration was left off. Some local and general symptoms were 
observed as well. A control person did not show any changes, 2 
others a passing decline in the blood picture which improved, 
however, though the preparation was continued. According to the 
author, these results support the conception, expressed previously, 
that an increased sensitivity to tape-worm poison plays an impor- 
tant role in the pathogenesis of tape-worm anemia. 


Cases, 

Case 1. Soldier, 23 years. ■ Dg. Enuresis noclurna. 1. 2. 44. lib 81/94, 
E. 4,490. 1 1.04, L. 5,400, Eosin. 1.5, Rod forms 1.5, Polymorph, neulr. 
50, Lymph. 35, Monoc. 12. 5. 2. 44. Hh 79/92, E. 4,310. I. l.OG, L. 6,400, 
Eosin. 2.5, Rod forms 3.5, Polymorph, neulr. 55.5, Lymph. 29, Monoc. 
9.5, 9. 2. 44. rrii 83/96, E. 4,6 0. I. 1.03, L. 9,200, Eosin. 3.5, Rod forms 4, 
Polymorph, neulr. 61, Lymph. 23, Monoc. 8.5, 17. 2. 44. Hb 80/93, E. 4,410. 
r 1.04, L. 8,200, Eosin. 7, 5, Rod forms 5, Polymorph, neulr. 55.5, Lymph. 
23, Monoc. 9. 23. 2. 44. Hb 82/95, E. 4,500. I. 1.04, L. 8,100, Eosin. 7.0, 
Rod forms 3.5, Polymorph, neulr. 57.5, Lymph. 25, Monoc. 7. 

Case 2 . Farmer, 38 years. Dg. Syndroma ischiad. Diphyllobolhrium 
latum 8. 2. 44. 1-Tb 90/104, E. 5,070. 1. 1.02, L. 3,560, Eosin. 5, Polymorph. 
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neutr. 54, Lymph. 33, Monoc. 8. 15. 2. 44. Hb 83/96, E. 4,636. I. 1.03, 
L. 7,200, Eosin. 2, Rod forms 2.5, Polymorph, neutr. 68.5, Lymph. 23.5, 
Monoc. 3.5. 22. 2. 44. Hh 85/99, E. 4,710. 1. 1.05, L. 6,200, Eosin. 6.5, 
Rod forms 2, Polymorph, neutr. 57.5, Lymph. 26, Monoc. 8, 29. 2. 44. 
Hb 86/100, E. 4,950. 1. 1.01, L. 4,400, Eosin. 5,5, Rod forms 1, Polymorph, 
neutr. 57, Lymph. 32.5, Monoc. 4. 

Case 3. Labourer, 39 years. Dg. Debilitas. Diphyllobothrium latum. 
10. 1. 44. Hb 84/97, E. 4,790. L 1.01. 17. 1. 44. Hb 79/92. E. 4,570. 1 . 1.01. 
21.1.44. Hb 80/93. E. 4,440. I. 1.05. 25.1.44. Hb 81/94. E. 4,450. 
r. 1.06. 31. 1. 44. Hb 73/85. E. 3,960. 1. 1.07, L. 7,300, Eosin. 7. Basophil. 

0. 5, Rod forms 1.5, Polymorph, neutr. 52.5, Lymph. 26.5, Monoc. 1212. 
4. 2. 44. Hb 80/93, E. 4,430. I. 1.05, L. 5,000, Eosin. 8, Rod forms 2, 
Polymorph, neutr. 55, Lymph. 30.5, Monoc. 4.5. 10. 2. 44. Hb 79/90, B. 
4,110. I. 1.12, L. 6,200, Eosin. 9.5, Basoph. 1, Rod forms 3.5 Polymorph, 
neutr. 49,5, Lj'mph. 30.5, Monoc. 6. 14. 2. 44. Hb 80/93, E. 4,130. 1. 1.12, 
L. 6,300, Eosin. 11.5, Basoph. 0.5, Rod forms 0,5, Polymorph, neutr. 50.5, 
Lymph. 31, Monoc. 6. 21. 2. 44. Hb 82/95, E. 4,530. L 1.05, L. 5,200, 
Eosin. 17.5, Basoph. 0.5, Rod forms 2, Polymorph, neutr. 42.5, Lymph. 
30, Monoc. 7.5. 

Case 4. Farmer, 41 years. Dg. Status p. ansemiam perniciosam diphyl- 
lobothricam. 14. 1. 44. Hb 86/100, E. 4,920. I. 1,02, L. 3,400, Eosin. 8.5, 
Basoph. 1. Rod forms 0.5, Polymorph, neutr. 50, Lymph. 35, Monoc. 5. 
■20. 1. 44. Hb 83/96, E. 4,600. I. 1.04, 24. 1. 44. Hb 76/88, E. 4,220, L 1.04, 
27. 1. 44. Hb 72/94, E. 3,940. L 1.06, L. 5,400, Eosin. 5, Rod forms 4; 
Polj'morph. neutr. 57, Lymph. 32.5, Monoc. 1.5. 22. 1. 44. Hb 73/85, E. 
4,060, r. 1.05, L. 4,900, Eosin. 7.5, Basoph. 0.5, Rod forms 4, Polymorph, 
nautr. 55.5, Lymph. 28, Monoc. 4.5, 9, 2. 44. Hb 78/90, E. 4,310, I. 1.04, 
L. 3,900, Eosin. 4.5, Basoph, 1.5, Rod forms 1, Polymorph, neutr. 52, 
Lymph. 39, Monoc. 2. 14.2. 44. Hb 82/95, E. 4,590. I. 1.03, L. 3,000, 
Eosin. 7, Basoph. 0.5, Rod forms 1.5, Polymorph, neutr. 50, Lymph. 40, 
Monoc. 2. 21. 2. 44. Hb 86/100, E. 4,840, I. 1.03, L. 4,700, Eosin. 5.5,' 
Basoph. 1, Rod forms 1, Polymorph, neutr. 50, Lymph. 37.5, Monoc. 5. 

Case 5. Labourer, 24 years. Dg. Status p. ansemiam perniciosam 
diphyllobothricam. 12. 1. 44. Hb 87/101, E. 4,960. I. 1.01, L. 6,800, Eosin. 
2, Basoph. 0.5, Rod forms 2, Polymorph, neutr. 56.5. Lymph. 27.5, Monoc. 

11.5. Injections 14. 1. 44.— 28. 1. 44. 17.1.44. Hb 88/102, E. 4,950. 

1. 1.03, 21. 1. 44. Hb 85/99, E. 4,860., 1. 1.02, 25. 1. 44. Hb 82/95, E. 4,570. 
1. 1.04, 29. 1. 44. Hb 78/90, E. 4,220. 1. 1.07, L. 8,600, Eosin. 17.5, Basoph. 

2.5, Rod forms, 2.5, Polymorph, neutr. 50, Lymph. 19.5, Monoc. 8. 1. 2. 44. 
Hb 80/93, E. 4,340, 1. 1.07, 4. 2. 44. Hb 80/93; E. 4,320 I. 1.07, L. 7,500, 
Eosin. 10.5, Rod forms 1.5, Polymorph, neutr. 57.5, Lymph. 25, monoc. 

4.5. 9. 2. 44. Hb 80/93, E. 4,330. I. 1.07, L. 6,800, Eosin. 8, Rod forms 

1.5, Polymorph, neutr. 60, Lymph. 23.5, Monoc. 7. 21, 2. 44. Hb 84/97, 
E, 4,820, I, 1.01. L. 7,700, Eosin’ 5.5, Rod forms 0,5, Polymorph, neutr, 
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56, Lymph. 27, Monoc. 11. Inieclions of purified extract 22.2. — 6. 3. 44. 
28. 2. 44. Ilb 84/97, B. 4,800. 1. 1.01, L. 8,700, Eosin. 4.5, Basoph. 2.5, 
Polymorph, ncutr. 61, Lj'mph. 24, Monoc. 8. G. 3. 44. Hb 81/94, E. 4,520. 
I. '.04. L. 6,800, Eosin. 10.5. Rod forms 1.5, Polymorph, neutr. 56, Lymph. 
28.5, Monoc. 3.5. 
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(Director; Professor Eggcrt Moller, M.D.). 


Serum Copper. V. Thyrotoxicosis and 
Myxoedema. 

By 

A. LEVIN NIELSEN. 

(Submitted for publlcaljoii April 28, IDbl). 


In 1932 Locke and collal)orator.s (2) called ailcnlion to the 
obscn’ation that increased metabolism and fever may be associated 
wth a rise in the scrum copper concentration, while scrum copper 
was not lowered to any particular extent in an untreated mj-xoc- 
dema patient. Especially Nfirasaka (3 — 6) has investigated the 
influence of the thyroid gland on the copper content of whole blood. 
For determination of copper he employed Sarata’s (8) method, 
with wliich technique he (6), like Sarata, (9) found considerably 
lower normal values for human serum than reported by other in- 
vestigators. 

As this difference in the values obtained must be due cither to 
differences in the human material examined or, more likely, to 
discrepancies of analytical nature, one naturally is at a loss in judg- 
ing of these investigations. Narasaka found that the copper con- 
tent of the blood in normal rabbits is increased by administration 
of thyroid and decreased by thyroidectomy, and in the latter case 
the blood copper can again be brought up to a normal level or even 
higher by oral administration of thyoroid. In 4 patients suffering 
from exophthalmic goiter Narasaka (6) found the copper content 
of whole blood to be above the normal level; he examined no case 
of myxoedema. 

2D — Ada mcd. scandinov. Vol. CXVlll. 
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Finally, Hcilmcj^er (1) and collaborators have determined 
the serum copper concentration in 4 patients vith hypothjToidism 
and 17 with thyrotoxicosis and found that presumably there is a 
certain connection bety’cen increased metabolism and increased 
senim copper concentration. 

On this background the following studies were carried out. 

Tlie anatytical technique was the same as described previously (7) 
The analyses were alwaj's carried out in duplicate and analyses 
vdth a difference in the two results exceeding 3 % are not taken 
into account. The patients were not fasting when blood was vath- 
drawn for this analysis. 

All the present patients come from the Medical Out-patient 
Department of the Rigshospital, where they were under ambula- 
tory' treatment or admitted to the stationary clinic of this depart- 
ment for medical treatment aiming at operative treatment. Tlie 
present studies comprise 42 patients with thyrotoxicosis, 3 with 
myocoedema. 

Of the 42 cases of thyrotoxicosis 11 have been left out from 
the present account because of concomitant infection (sinusitis 
in 3 cases, cold in 3, periodontitis in 2, skin lesions in 2, purulent 
rhinitis in 1), while none of the myxoedema cases has been left 
out. 

On the basis of the outcome of the determinations of the meta- 
bolism, which were performed very' often in each case, the 31 cases 
of tliyTotoxicosis are divided into 3 groups after the degree of the 
disease. This estimation of the case was based on the first two 
determinations which did not differ over 5 % — in a great majority 
of the cases obtained before the institution of the iodine therapy. 
The mildest cases are defined as cases in Avhich the average of the 
first two determinations docs not exceed 135 % (10 patients); 
a moderate degree of the lesion comprises patients vdth a metabolic 
rate of 135 — 155 % (5 patients), while the remaining patients 
represent a severe degree (16 patients). Of the last-mentioned 16 
patients 10 constitute a special group by themselves, as they could 
not be rendered operable under a previous hospital treatment, so 
that in these cases the serum copper determination has been carried 
out during a subsequent hospitalization. 

In Fig. 1 a graphical presentation is given of comparison be- 
tv'een the first serum eopper determination and the simultaneous 
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basal metabolism in the 31 patients. While the scrum copper 
values are normal in the cases of nn^oedema and in the mildest 
cases of thyrotoxicosis, tlic scrum copper in the moderate and 
severe cases of lb>vo toxicosis is often increased, Ibougli without 
shoving any particular connection between tlje heigljl of llu? meta- 
Jjolism and tlic scrum copper level. Postoperative reexamination 
of 7 patients residing in Copenliagen gave tlic results presented in 
Fig. 2. Of tlicsc 7 patients 6 were well, 1 had a relapse. All showed 
a lower rale of metaliolism and lower scrum copper. It thus seems 
reasonable to assume a connection between the tliyroloxic in- 
crease in metabolism and tlic increase in serum copper. Attempts 
were made to find some relation between the variations in the 
mebabolism and scrum copper during tlic course of illness in the 
individual patients, but no such connection could ho demonstrated 
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Fig. 2. Comparison bcfwcen scrum copper and metabolism before and 

after the operation, 

even vith merely a fair degree of regularity. Nor could any connec- 
tion be demonstrated between the increase in sedimentation rate 
and the two other values. 

So we have to conclude tiiat in thj’Totoxicosis the serum copper 
concentration is normal in mild cases, while it is often increased 
in the more severe cases. In 3 cases of myxoedema the values for 
serum copper were decreased within the normal limit.'^ 

Summary. 

On determination of serum copper on 31 patients with thyro- 
toxicosis values increased above the normal were found in some 
of the moderate and all the severe cases. 

Reexamination of 7 patients operated on for thyrotoxicosis 
showed normal metabolism and serum copper in 6, while 1 still 
presented an increased metabolism and increased serum copper. 

It is not possible to demonstrate a regular connection at any 
point of time between the increase in metabolism and the rise in 
serum copper. 
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Primary and Secondary Xanthomathosis. 

By 

MOGENS FABER. 

(Submitted for publication May 2, 1944). 


The literature on xanthomatosis is, by its many isolated cases, 
. apt to give the reader the impression that the disease is a relati- 
vely rare one. The impression is different, however, when taking 
into account the papers published by Thannhauser and Magen- 
dantz (United States) and Muller (Norway) where a very con- 
siderable material is presented; especially as the material of Muller 
appears to have been collected in a very short time. The explana- 
tion must be that the disease is not unusual, but that it is diagnosed 
far too infrequently. This is confirmed by the fact that in 3 years at 
the Medical Policlinic of Rigshospitalet, Copenhagen, 11 cases of 
xanthomatosis have been diagnosed (this diagnosis being in most 
instances the main diagnosis) without any special search being made 
for such patients. 

The xanthomatoses, together with Gaucher’s disease and Nie- 
mann-Pieck’s disease, belong to the lipidoses. They are classified 
as follows: 

Lipidoses: Gaucher’s disease (cerebroside) 

Niemann-Pick's disease (sphingomyelin) 

Xanthomatosis (cholesterol) 

a. Primary (idiopathic) 

b. Secondary 
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Associated are: 

Cholesterol deposits in a) granulation tissue (especi- 
ally Schullcr-Christian’s syn- 
drome) 
b) tumors. 

In xanthomatosis the cholesterol is found to be characteristic- 
ally deposited in cells wiiich in ordinary*’ preparations have a foamy 
appearance, and vdiich in frozen sections show typical double re- 
fraction as a sign of the presence of cholesterol. There has been a 
tendency to consider all diseases, which histologically arc charac- 
terized by the presence of these cells, as xanthomato.sis. It is pos- 
sible, however, from this group to segregate a scries of clinical enti- 
ties, So that there remains a uniform rest which must be designated 
as primary', idiopathic xanthomatosis. It is this disease which must 
be placed in the same class as the other forms of lipidosis, although 
in certain essentials it seems to constitute another form of meta- 
bolic abnormality. The following will mainly deal with this pri- 
maiy', idiopathic xanthomatosis. 

Sccondaiy' xanthomatosis must be considered as distinct from 
the primary ones. The cholesterol deposits appear in consequence 
of a h>Tpercholcstcrolcmia of other known cause such as, for exam- 
ple, diabetes mcllitus. Both in their histological aspects and in their 
progress and treatment the secondary’’ xanthomatoses will differ 
from the primary’ ones. 

As a third group may be mentioned Schullcr-Christian’s disease. 
In the past, most attention has been given to the frequent occur- 
rence of cholesterol in the characteristic granulation tissue, and the 
disease has been classified as a typical xanthomatosis. Tims Thann- 
hauser designates it as primary' xanthomatosis of normocholestc- 
rolcmic type. However, an increasing number of cases arc reported 
in which not a single typical cholesterol-containing cell is found 
in the granulation tissue, wherefore this disease must now be re- 
garded as having a different origin. 

Primary Xonihomatosis. 

The material comprises 8 cases of primary xanthomatosis; they 
are arranged according to visible symptoms. First, some patients 
with xanthelasmata and flat xanthomata. 
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Fig. 1. The figures above the circles indicate the age, the figures below 
indicate the serum cholesterol. 

Case No. 1. Woman aged 54. Fig. 1 records the family history. In all 
essentials the patient was well until the present disease began in 1931 in 
• connection, with an abortion. Since then she had typical angina pectoris 
tvith precordial pain radiating to the arm when she was at work. The pati- 
ent was treated with nitroglycerin, with good results. Yellow plaques at 
the eyes since 1920. The plaques -were removed at the Finsen Institute 
shortly after, but reappeared and are now constantly growing. During 
recent years there moreover appeared a yellow plaque beneath the wed- 
ding ring. The patient’s hypercholesterolemia was discovered in 1941, and 
was then 595 mg %. She has been kept on a diet poor in cholesterol, but 
the serum cholesterol value remained above 500 mg % all the time, and 
was in periods up to 700 mg %. The last examination showed 600 mg %. 

Physical examination showed typical xanthelasmata as circles around 
both eyes. Similar xanthomata were observed on the creases of the 3rd 
finger of the right hand. On the flexor tendon of the 2nd finger of this 
hand a hard nodule could be felt. Otherwise nothing of interest. Blood 
pressure 150/70, The electrocardiogram always normal. X-ray examina- 
tion of the heart shmved nothing abnormal except calcification of the 
arch of aorta. The peripheral arteries showed no lime deposit. Oscillo- 
metry of the legs gave but small deflection, not over 1 unit. 

Case No. 2. Woman aged 54. The patient was referred to the Poli- 
clinic for examination of the heart before a gynecological operation. Past 
history of good health, except for cystitis and gastric catarrh. The patient 
never had angina pectoris, but was during the last 2 years troubled with a 
little breathlessness. For a number of years she has had xanthelasmata 
at both eyes. 
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Phj'sical examination showed 3 x 55 mm large xanthelasmata medially 
at both upper eyelids. Otherwise nothing abnormal, except some varicose 
veins. The serum cholesterol value was found to be 328 mg %. X-ray 
examination of the heart, and the electrocardiogram showed normal con- 
ditions. Blood pressure 110/80. Fig. 2 records the family history. 

Case No. S. Woman aged 24. Her mother died rather young from 
angina pectoris-, othciYvise no known heart disease in the family. The 
patient is the first to show skin symptoms. Wlien 12 and 18 years of age 
she was admitted to Set. Marine Hospital in Roskilde, with rheumatic 
fever. The second time she was treated rvith sanocrysin. Remnants of 
the disease are still found in the joints of the fingers. A couple of months 
after being discharged the second lime she developed a skin disease on the 
buttocks and the tigh. Otherwise no complaints. In 1940 the skin disease 
was treated at the Dermatological Clinic of Rigshospitalet where biopsy 
disclosed xanthomatosis. Since then the skin disease has spread to the 
anterior left thigh. 

Physical examination showed nothing abnormal beyond Iwm irregular 
yellow placpies, somewhat larger than a hand, on the buttoclis extending 
down on the thigh, as Avell as a similar, approximately 5 x 7 cm large 
affection of the anterior left thigh. Scrum cholesterol value 371 mg%. 
X-ray examination of the heart, and the electrocardiogram, showed nor- 
mal conditions. Blood pressure 120/80. 

Case No. 4. Woman aged 67. Family history unknown. Past history 
of good health. During the last couple of j-ears she had several attacks of 
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precordial oppression when exerting herself. The attacks disappeared 
immediately when she stood quiet. The last few days before coming to 
the Policlinic she suffered from constant oppression and palpitation of the 
heart. 

Physical examination showed rapid auricular fibrillation and a pulse 
deficit of about 40 %. ^Moreover, pronounced arcus senilis and xanthe- 
lasmata at both upper eyelids. Serum cholesterol value 308 mg %. X-ray 
examination of the heart showed hypertrophy of the left ventricle, without 
visible calcification in aorta. Blood pressure 180/90. 

The next group includes some patients with tendinous xantho- 
mata. 



Case No. 5. Man aged 31. Fig. 3 records the family history. Aside from 
a period 3 years ago, with symptoms of ventricular ulcer, the patient has 
been of good health. During the last 10 years there have been nodules 
on the extensor sides of botli hands, on wrist and on elbow. Some years 
ago he had similar nodules removed from wrist and elbow,' but later new 
ones developed, of which those on the wTist appeared at the places of the 
sutures from the first extirpation. Otherwise no complaints. 

Physical examination showed 2 x % cm large, rather firm, indolent 
nodules on all tendons of the knuckles. On the extremity of the 5th finger 
of the right hand was a pea-size yellow nodule. On the right elbow and on 
both side of a cicatrix on the right wrist there were observed pea-size 
yellowish cushions. Moreover, a pea-size yellow nodule on the right cheek. 
Otherwise nothing abnormal. X-ray examination of the heart, and elec- 
trocardiogram showed normal conditions. Serum cholesterol value 323 
mg %. 

Case No. 6. Woman aged 29. The mother had angina pectoris, other- 
wise no data regarding the health of the family. The patient had 4 attacks 
of rheumatic fever, at the age of 16 years with possible cardiac complica- 
tions. TiTien about 17 years old a nodule developed on the right and left 
Srd finger, in connection with a lesion. Later there appeared nodules on 
the right knee and the right Achilles’ tendon, as well as on the left 4th 
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finger. These nodules, except the one on the 4th finger, were removed in 
1941. Since then no new nodnles have appeared. 

Physical examination showed nothing abnormal except a bean-size 
nodule on the left 4th finger. Examination of the heart showed nothing 
abnormal. The serum cholesterol value w'as; 1941, 447 mg % — 1943, 394 
mg %. 

Case No. 7. Man aged 32. 4 to 5 years ago indolent nodules developed 
on the dorsal side of the hands. Since then they increased in number and 
size, and similar nodules appeared on- the heels. In 1941 admitted to the 
Surgical Policlinic Avhere the nodules on the heels and one on the right 
•wrist were removed. Otherwise no complaints — especially no heart 
disease. 

Physical examination showed typical bean-size nodules over the knuck- 
les of both hands, localized to the extensor tendons. Similar nodules were 
observed on both elbows and on the Achilles’ tendons. No xanthelasmata. 
Serum cholesterol value; 1941, 41G mg % — 1942, 591 mg %. 

Finally, a patient in •whom there -ft'as nothing visible to support 
the diagnosis: 

Case No. 8. Sian aged 37. Fig. 4 records the family history. He had 
influenza when 14, otherwise of good health. During the last 2 years prior 
to the examination the patient suffered from typical attacks of angina pec- 
toris when exerting himself. Was treated with nitroglycerin with good 
effect. In 1941 the patient was admitted to the Stationary Ward of the 
Policlinic because of his heart disease. 



Fig. 4. 
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Physical examination showed nothing abnormal, especially no xan- 
thelasmata or tendinous xanthoma. Blood pressure 125/90. Electrocar- 
diogram showed Ti negative, othennse nothing of interest. X-ray exami- 
nation of the heart showed normal conditions. Oscillometry of crus showed 
maximum deflections of 2 — 3. X-ray examination of the legs disclosed cal- 
cification of the arteries. Serum cholesterol value 359 mg %. 

During the ensuing years the patient came to the Policlinic because of 
constipation and dyspepsia. His angina pectoris was unchanged. On Sep- 
tember 23, 1943 he was brought dead to Rigshospitalet, following bodily 
exertion. Unfortunately, no autopsy was performed. 

Table I. 


The occurrence of xanthomatous manifestations and angina pectoris in the 
patients and their families. 


No. 

Sex 

Age 

X.nnthel- 

asmata 

Tuberous 

xan- 

Ihomala 

Tendinous 

xan- 

thomata 

Arcus senilis 

Angina 

pectoris 

*0 

E ? 

o 

00 

Blood Press. 

Pt. 

In the 
family 

PI. 

In the 
family 

Pt. 

In the 
family 

PI. 

In the 
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1 

K 

54 
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+ 


B 

+ 

9 

,, 

4- 

+ 



2 
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54 

+ 

4“ 
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— 
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4- 

328 

110/80 

3 

D 

24 

+ 

— 
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371 

120/80 

4 

5 

67 

+ 
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— 
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? 

4" 
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308 
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5 
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31 

D 

— 

+ 

99 

+ 

+ 
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+ 
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115/70 

G 

K 

29 

H 

— 

— 

^9 

+ 

B 

B 

— 

4* 
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120/80 

7 

M 

32 

Bj 

? 


? 

-b 

B 

99 

— 


591 

119/70 

s 

») 

37 

H 

B 

B 

B 

B 

B 

B 


-f 

359 

125/90 


The most important sjTnptoms and their incidence arc recorded 
in table 1. It will be seen that the clinical picture is well defined 
and uniform, and, more especially, that the same group of symp- 
toms reappear in the patients’ families. 

If we are to discuss the s^nuptoms singly it is most reasonable 
to begin with the choleslcrol level. Tlic anatyses are made according 
to Georg C. Bruun. In all cases examined the level has been above 
300 mg %, which, by the method used, should place it definitely 
above the normal level. Unfortunately, the upper limit for the 
serum cholesterol level in normal individuals has not yet been 
fully established. One reason is that the different methods emp- 
loyed have given rather different results. Another reason is that 
it must be assumed that in a material comprising apparently nor- 
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■mal individuals tlicrc may be found members of xanthomatosis 
families where the xanthomatosis has not yet become manifest. In 
a disease so distinctly hcreditaiy, where the first symptoms fre- 
quently do not appear until the individual is 40 to 50 years of age, 
it should be reasonable to think that some younger people TVouId 
not reveal their xanthomatosis till later and therefore appear 
normal except for their hypercholesterolemia. That this is actually so 
is showm Veiy^ clearly, for example, by the genealogical table pub- 
lished by Svendsen. Here we find one member wth manifest 
xanthomatosis, but several of the family undoubtedly have increa- 
sed values and several shov,' high normal values. It is interesting 
to see that the highest values arc found among the older members of 
the family. In the young even the higher values lie but little above 
normal. 

Entirely similar observations have been made by Thannhauser 
and Magendantz. In one case they found the scrum cholesterol 
value to increase at the same time as there appeared manifesta- 
tions of an otherwise hereditary xanthomatosis. Hence one should 
vith interest consider a case like that of the 19 year old woman 
(fig. 4) with a scrum cholesterol value of 250 mg %, and the 18 
year old woman (fig. 1) with a scrum cholesterol value of 250 mg %, 
and perhaps observe these patients over a period of years in order 
to learn whether such patients later on will develop manifest 
xanthomatosis with hypercholesterolemia. Another genealogical 
table of a family vath hypercholesterolemia but without clinical 
xanthomatosis has been published by Kornerup; it is similar to 
those mentioned. According to this table, as in that published by 
Svendsen, the hypercholesterolemia appears to be hereditarily 
dominant. 

Thus when selecting a normal material for determinations of 
scram cholesterol it is a necessary requirement, in addition to 
what is otherwise required of a normal material, that there are no 
Hsible manifestations of xanthomatosis in the family, and no cases 
of angina pectoris or sudden death from heart failure. Kornerup 
presents a material of this kind. He finds the highest normal 
Serum cholesterol values to be 320 mg %; nevertheless, he consider 
values above 300 mg % as definitely increased. 

For the purpose of elucidating conditions in individuals Who 
must be supposed to be non-carriers of this hereditary hyper- 
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Fig. 5. 


cliolesterolcmia, the present author has examined a family '^s'hcre 
all the individuals ^v]lo have not died from incidental diseases have 
reached an age of more than 80 years vathout showing signs of 
arteriosclerotic heart trouble. Tliis family (see fig. 5) shows in 
nearly all cases examined a serum cholesterol value below 200 
nig %. 

Tile culancous manifesiations have been mentioned in detail 
when describing the various cases. It is here a question of either 
flat or tuberous xanthorrata. They are pathognomonic of the 
disease, unless they appear as typical small xanthelasmata at the 
eyelids. In patients with the latter symptoms the serum choleste- 
rol value is frequently found to be normal. The author has exa- 
mined tw'o such cases with values of 175 and 208 mg %. Peculiarly 
enough, the mothers of both patients had similar xanthelasmata. 
Tliat some patients nevertheless may have an increased serunr 
cholesterol percentage is evident from the paper by Kornerup 
where he finds values up to 500 mg %. 

The tendinous xanthomata, which are found sometimes as soft 
and sometimes as hard nodules on the tendons, are likewise patho- 
gnonomic. They seem to appear especially on the extensor ten- 
dons of the fingers, on tuberositas tibiae and on the Achilles’ ten- 
dons. Tliey undoubtedly are apt to occur after minor lesions, as in 
the above mentioned case No. 6. Tlie same is probably true of the 
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flat xanilioinata. Tn case No. 1 we find such a xanthoma beneath 
the wedding ring, in No. 3 on the bullocks; ease No. 5 has deve- 
loped tuberous xanthomata in the grooves left from the suture after 
extirpation of a xanthoma. 

A special form of cholesterol deposit is observed in arcus senilis, 
and in several instances this disease has been described as a mani- 
festation of xanthomatosis. Ehlerlsen describes a family in vhich 
the phenomenon is observed, and the above mentioned case No. 4 
falls within the categoiy. It has long been known that there is a 
connection between arcus senilis and arteriosclerosis (Slromgren), 
but a closer understanding is first obtained by llic obscrY'alion 
just cited. 

Xn addition to the visible deposits there arc also found depo- 
sits in various organs of the body, and it is these deposits which 
are of special interest to the clinician. AYe arc first of all concerned 
with changes in the blood vessels and the bile ducts, 

7'lie vascular deposils should undoubtedly be considered as of the 
very highest importance. Actually they have been knowm for long, 
and there have been published several reports on fatal cases of 
arteriosclerosis, especially with coronary disease, in young pati- 
ents who were xanthoma carriers (Hnrbit^, Arning, Hc.s's). How- 
ever, it is not until the publications by Muller from 1939 that it has 
been made clear how significant this connection is. An examination 
of the material contained in the present ])aper will .show that it 
corresponds to that presented by Muller. The genealogical tablc.s, 
figs. 1 — 4, show how frequently a fatal arleriosclerosis withsingina 
pectoris is found among the relatives of the patients. Xt is more- 
over striking how low the age is in the ease of these deaths. Xn 8 
instances the age is kiionai; of these eight patients one died when 
less than 40 years of age, two at the age between 40 and 50, and 
four at less than CO years of age. To this should be added two 
eases of sudden death by heart failure in xanthomatosis at the age 
between 40 and 50 years. Autopsy was performed in these two 
cases, and data Nvill be given in a later publication. 

The cause of these heart attacks is the xanthomatous deposils 
in the intima of the blood Vessels. The changes, which arc found 
especially in aorta and in the coronary arteries, are macroscopically 
of exactly the same appeal ance as a very severe arteriosclerosis. 
Hoffmeyer has described the histological details on the basis of 
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a case of Severe xantlwmatosis. He finds, like Muller, that it is 
impossible to differentiate between the xanthomatous arteriosclerosis 
and arteriosclerosis of other origin. It seems, though, that the 
xanthomatous blood Vessels contain more foam cells than ordina- 
rily found in the usual form of arteriosclerosis. More particularly, 
the foam cells are found diffused in the wall of the vessels and not 
onl}’' in the margin of the atheromatous plaques. Thus it appears 
as if the xanthomatosis were capable of promoting the atheroma- 
tous transformation of the Vessels so that it may be highly deve- 
loped in Very young individuals. 

A circumstance that deserves to be mentioned is the small 
frequency of hypertension among the xanthomatosis, patients, even 
when they suffer from severe arteriosclerosis. Thus among the 
author’s patients onlj'- No. 4 has hypertension. Nor do patients with 
essential hypertension appear to have hypercholesterolemia. 

The other internal localization of the xanthome nodules is in 
the bile duds, especially in the larger ones. Tlie author has had no 
patients vdth this clinical picture of the disease and must refer to 
Thannhauser and to Riisfeldt-Pedersen. The xanthomatous nodu- 
les give rise to bile stasis, which frequently is incomplete, but may 
persist for many years. It is often followed by a biliary cirrhosis 
where at the same time ample amounts of cholesterol are deposited 
in the liver. As long as the stoppage of the bile flow prevails, the 
patients’ hereditary hypercholesterolemia will be further accen- 
tuated by the rise which is frequently observed in obstructive 
jaundice. The result is extremely high serum cholesterol Values 
— as much as 1500 mg % being not unusual. 

There are also on record xanthomatous changes in pancreas, 
resulting in diabetes mellitus. Apart from these deposits there seem 
to be no instances of primary xanthomatosis in other organs. 

The treatment of primary xanthomatosis is as yet uncertain. In 
the case of individuals showing hereditaiy increased serum choles- 
terol Values it is undoubtedly Well to prescribe a diet poor in ani- 
mal sterols, i.e., without milk, butter, cheese and animal fat, while 
margarin of Vegetable origin may be permitted. Only, few patients 
rvill adhere to such a diet, and, besides, the result is doubtful. In 
the author’s material the diet has been tried for years in the case 
■of patient No. 1, but appears only to have been effective during 
ihe period of hospitalization. Easier to carry out, but at the same 
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time more risky, is a tliyroid treatment. .Tliis treatment has been 
attempted, on the ground tliat-when liypcrtliyroidism is accompa- 
nied hj' low values of the serum cholesterol it might perhaps be pos- 
sible to reduce an increased scrum cholesterol value by increasing 
the metabolism a little through administration of thyroid. This lias 
been tried in the above incntioned case No. 5, but results are not 
yet available. 


Secondary Xanthomatosis, 

In several respects the secondary’' xanlliomatoses show an enti- 
rely different picture from that of the ))rimar}' ones. It is espe- 
cially characteristic tliat the cholesterol dejiosits disappear when 
the serum cholesterol value is reduced through a change for the 
better in the. responsible disease, or when the ])atient is pul on a 

Table II. 

Cause of liypercholoslerolcinla. The diseases which frequcnlly are caiislnp 
secondary xanthomatosis. 

1. Increased fat resorption: .Alimentary lipemia 

2. Transport lipemia with increased requirement; Prcpnancy 

3. Transport lipemia owing to defective carbohydrate metabolism; 

a) Diabetes mcUitiis 

b) van Gierke’s disease 

c) Acetonemic vomitings 

d) Phosphorous poisoning (?) 

e) Fasting 

4. Defective removal of fat: 

a) Jfyxcdcma 

b) Idiopathic familianj hppertipemia 

c) Bik obstruction. 

5. Hypoprotclncmia; 

a) Kephrosis 

b) Glomerulonephritis 

c) Cachexia 
C. Hormonal: 

a) Diseases of the pancreas 

b) Prcmenstritally 

c) Castrates 

d) Cushing’s syndrome 
1, Lipidoses: 

a) Primarj- xanthomatosis 

b) Niemann-Pieck's syndrome 

scandinav. Vol. CXVllI, 
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diet poor in cholesterol. Secondary xanthomatosis may accom- 
pany almost every form of hypercholesterolemia -when this con- 
dition is of Sufficient magnitude and has lasted long enough. The 
changes involved may therefore be encountered in a number of 
diseases where the scrum cholesterol content is increased. These 
diseases arc recorded in table 11, where the most frequent causes 
of secondary xanthomatosis arc pointed out. 

The histological changes too are different from those accom- 
panying primary xanthomatosis. Thus the foam cells are not so 
frequent, and extracellular cholesterol is more often encountered. 
The localization of the xanthomatous changes is also different. 
Thus eruptive, papulous xanthomata are found on the skin, and 
enlargement of the liver and spleen is frequently observed. As a 
combination it is often seen that a primary xanthomatosis becomes 
manifest, the cutaneous changes appearing when hyper cholesterol 
develops for some other reason. Thus it is frequently observed 
that eyelid xanthelasmata first appear in connection with preg- 
nancy (Frotschcr). There is one respect, however, in which the 
secondary xanthomatosis resembles the primary one; it seems to 
make the patient more disposed to early arteriosclerosis. 

The following two cases are presumably to be included in this 
category of secondary'’ xanthomatosis: 

Case No. 9. Woman aged 69. 8 to 9 years ago she developed an opacity 
in the right cornea, owing to a deposit of cholesterol crystals. At the same 
time sugar was found in the urine, and the blood sugar (fasting) was 
found to be 0.130 %. The patient moreover complained of some breath- 
lessness. The serum cholesterol value was then <118 mg %. During a diet, 
which was suitable for diabetes and at the same time low in cholesterol, 
the serum cholesterol value dropped so that in 1937 it was 292 mg %• At 
the same time there was improvement of the sight. The patient never had 
angina pectoris, but during recent years attacks of intermittent claudica- 
tion. The blood pressure was 170/100 when last measured. 

Case No. 10. Man aged 61. In 1935 he came to the Eye Clinic of the 
Hospital because of large white spots in both corneas. The spots were due 
to deposits of cholesterol. Wlien investigating his diet it was found that 
he, who was a cheesemonger, was very fond of all kinds of milk products 
especialy cheese. His diet ivas therefore adjusted so that it became poor in 
cholesterol; moreover, he was given thyroid tablets. The cornea spots 
disappeared by this treatment so . that the patient, who previously had 
been just able to distinguish light impressions and therefore had been 
helpless, now could find his way so that he could walk alone in the streets; 
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]ater he was able to read the headlines in the newspapers. In 1937 the 
serum cholesterol value was found to be 310 mg %. Since 1939 there had 
been a small amount of sugar in the urine, and since 1942 a mild an^na pec^ 
toris. 


Schiillcr-ClmsUan's Disease. 

As representative of tlie 3rd group of diseases, \Vhich rather in- 
correctly arc grouped with xanthomatoses, AVe shall here mention 3 
cases. 

Case No. 11. Girl aged 12. No similar case can be found in the family. 
Wlien 5 years of ago she developed left-sided exophtalmus. She was there- 
fore admitted to the Eye Clinic of the Hospital in 1937. An operation 
disclosed a thickening of the roof of the orbit; it was removed with a chisel, 
but the improvement was only slight. Hence she was again admitted in 
1941, this time to the Olological Clinic. Inasmuch as the exophtalmus 
was unchanged she was again operated upon and there was removed some 
abnormal bone tissue from the roof of the orbit. Microscopy showed chan- 
ges as in the Scluiller- Christian disease, with typical foam cells. 

Physical examination showed nothing abnormal beyond exophtalmus. 
lilore particularly, there were found no xanthomata. The serum cholesterol 
value was 243 mg %. X-ray examination of the cranium and the bones of 
the extremities showed nothing abnormal. The diuresis was 500 ml in 24 
hours. 

Case No. 12. Girl aged 9. Except for the usual childrens’ diseases she 
had been of good health, l — % months before examination there appeared, 
Avithout preceeding lesion, a swelling of the forehead Avith a rise in tempe- 
rature that lasted for a couple of days. Since then the SAvelling increased. 
Otherwise no complaints. 

Phj'sical examination shoAved the skull somewhat asymmetrical, AA'ith a 
protuberance of the right frontal bone, covered Avith natural skin. No 
xanthomes Avere observed. X-ray examination of the cranium shoAA-ed a 
2 X 3 cm large defect AA’hich looked like that of Schuller-Chrislian’s disease. 
Scrum cholesterol value 124 mg %. 

The patient Avas then admitted to the Neurosurgical Clinic of the 
Hospital Avherc the tumor AA-as remoA’ed. Microscopy shOAved changes 
AA'hich Avere typical of the Schuller-Christian disease, though it AA^as impos- 
sible to find any foam cells in the preparation. 

Case No. Id. Woman aged 20. She had suffered for 1 — year from 
a skin disease that started on the forehead, but later spread to the back, 
the neck and the extremities, OUierAA'ise no complaints. She rcceiA^ed 
various treatments at the Skin Clinic of the Hospital, but with no parti- 
cular results. 

Physical examination shoAA'cd skin disease localized to the fingers, the 
dorsal side of tlie forearm, the face, neck and back — appearing as nodules. 
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yellowish and up to the size of a pea. Upon microscopy they showed 
xanthomatosis. No other abnormalities were observed. Serum cholesterol 
value 142 mg %. 

These three cases represent monosymptomatic manifestations 
of v/hat is called the Schiiller-Christian disease. In Nos. 11 and 12 
we find the characteristic osseous granulation tumors, in the first 
case accompanied by exophtalmus. None of the patients showed 
diabetes insipidus or bone changes elsewhere. The 3rd case showed 
the characteristic skin disease, without osseous changes. In addi- 
tion to these manifestations the literature speaks of a disease of the 
lungs in the form of diffuse fibrosis, and a disease of the lymphatic 
glands, especially found in the retroperitonial glands. 

As mentioned before, it is hardly possible now to classify this 
disease wdth the xanthomatoses. For one thing, the characteristic 
tissue ■with foam cells is not found in all cases — se for example 
case No. 12. According to Engelbreth-Holm, Teilum and Erna 
Christensen the characteristic tissue is a granulation tissue 
•Which frequently may contain typical foam cells, but also may 
contain eosinophilic cells with transition to eosinophilic granu- 
loma. Thus it seems most natural to consider the choles erol depo- 
sit from the same point of view as that taken -with regard to the 
cholesterol that may be found in malignant tumors, like mam- 
mary cancers or those occurring in malignant lymphogranuloma- 
tosis. As a matter of fact, patients of this kind have in general a 
normal serum cholesterol value, as in tlie case of the the three 
patients described by the author. There have been cases published, 
however, where the serum cholesterol value was increased, but it is 
not known how much significance should be attributed to these 
observations. The rare cases described as transitional stages' 
between Schiiller-Christian’s disease and xanthomatosis must pre- 
sumably be considered chance coincidences. 

It will be understood that the knowledge of the xanthomatoses 
is of no small practical importance, inasmuch as we here have a 
nosologically well defined form of arteriosclerosis where there may 
be a possibility for prophylactic treatment. Everything considered, 
the interest in the xantliomatosis as a relatively rare anomaly of the 
metabolism should be replaced by a consideration of the far more 
important problem of its significance to tlie early arteriosclerotic 
lieart diseases and the early death from heart failure. 
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Summary. 

On tlie basis of 8 cases the author revicAVs the primaiy' xantho- 
matosis with special regard to the heart complications. The here- 
dity of the disease is emphasized, and 4 genealogical tables are 
recorded which indicate that the disease is a dominant factor. Its 
significance to an early arteriosclerosis in aorta and the coronary 
Vessels is investigated. Both among the patients and in their fami- 
lies there were found several instances of early death by heart 
failure, which in most cases was proceeded by angina pectoris. 
In contrast, the secondary'- xanthomatosis shows entirely different 
localizations. It is probable, however, that this kind of cliolestero- 
lemia entails an increased risk of early arteriosclerosis. The Shiillcr- 
Christian disease, which generally has been classified vdth the xan- 
thomatoses, must, according to recent investigations, he put in an 
entirely different class. The author cites three cases, one of which 
is significant by not showing any xanthomatous cells upon micro- 
scopy, thus confirming this point of view. 
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The Frequency of reduced Lacrymal Secretion, 

in Xerostomia.^ 

Studies in Xerostomia V. 

By 

MOGENS FABER. 

(Submitted for publication May 3, 1944), 


Investigations on Mikulicz’ syndrome have shovm that the re- 
sponsible disease in most instances affects both salivary and lacr}'- 
mal glands; There v'as nothing especially strange in this as long as 
the disease \v'as considered a result of a generalized affection. 
There is much, however, to indicate that a substantial number of 
patients with this disease suffer from a chronic canalicular inflam- 
mation of both the salivary and the lacrymal glands, and that 
this inflammation is due to reduced secretion. By analysing a con- 
siderable number of cases of xerostomia tlie author demonstrated 
how the patients show a tendency to inflammatory conditions in 
the salivary. glands, both acute and chronic conditions being in-' 
volved. It should therefore seem reasonable that the affection of 
the lacrymal glands in the case of Mkulicz’ syndrome at least 
in some instances have the same origin. 

In his doctoral thesis dealing with keratoconjunctivitis sicca 
Sjogren emphasizes that in a considerable number of his patients 
he found a reduced salivary secretion in addition to the decreased 
lacrymal secretion. In a previous paper the present author, having 


^ Aided by a grant from the P. Carl Petersen Foundation. 
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a smaller material at his disposal, has shown how reduced lacrjmial 
secretion frequently occurs simultaneously wdth xerostomia. In 
order to find out how close this association is the author has made 
•parallel investigations of the salivary secretion and the lacry- 
mal secretion in 87 patients. Since these patients are included in 
an investigation of xerostomia, this anomaly will be found most 
frequently, only a few being examined owing to a known reduc- 
tion of lacr^’mal secretion. Most of the patients, however, are 
examined as supposedly normal in this respect. 

Tlie lacrjmial secretion is measured according to the method of 
Schirmcr. A 5 mm wide piece of filter paper is, wnth a slight bend, 
placed laterally in the conjunctival sac. Measurement is then made 
of the height to which the paper has become moistened in the 
course of 5 minutes. Sjogren reports the lowest normal value as 
15 mm in 5 minutes. Schirmer’s other test, where the secretion is 
measured after indirect stimulation, has not been employed; this 
test may be classified with that involving tlie measurement of the 
salivary secretion after stimulation with pilocarpine, a test which 
has been found to show a reduction only in the case of pronounced, 
frequently histologically demonstrable changes in the salivary 
glands. It was not the intention to confine the investigation to 
cases as severe as that. , 

The salivary secretion is measured according to M. Faber (1943). 
The saliva is collected quantitatively by means of suction through 
a bifurcated tube in 3 periods of 10 minutes each. The largest 
amount of saliva collected during the last 2 periods expresses the 
magnitude of the secretion. The amount is expressed in ml per 
minute. Normal values are 0.3 — 0.6 ml per minute, but for a defi- 
nite reduction the value must fall below 0.2 ml per minute. 

The results (see fig. 1) show a surprisingly good agreement 
between the reduction of the salivaiy secretion and that of the 
lacrymal secretion. A reduction of the secretion from both sets of 
glands was obseiwcd in 27 cases, while 25 cases showed a reduction 
Which affected only one of the systems. In 46 additional instances 
the secretion was found to be normal in the case of both sets of 
glands, and among these 46 there were some vith ample secre- 
tion. 

Tlie cause of the observed simultaneous reduction of the secre- 
tion of the two gland systems is as yet unknown. The table records 
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0 )4 Jl. if l.i 

Lacrymal secretion. Measured according to Schirmer as mm, 


moistened filter paper. 

Fig. 1. The relationship between salivary secretion and lacrymal secretion. 

The dotted line indicates the lower border of the normal secretion. 

the supposed causes, in so far as they may be judged from the disease 
of the patient, the diseases being stated -Which, according to Faber, 
are frequent causes of xerostomia. It -will be'seen that the material 
does not contain any instances of Miculicz’ syndrome, or chronic 
sialoid or lacrymal adenitis, since these diseases often may be loca- 
lized to one gland system only, and then frequently be due to chan- 
ges w'hich have nothing to do -with the problem under considera- 
tion. That the material consists predominantly of -women is due 
to the circumstance that -women are in majoritj' among the xero- 
stomia patients as well as in most of the groups of diseases in-ves- 
tigated, so that they are chosen to give a larger number of pati- 
ents -with reduced secretion. It -will be seen that a simultaneous 
reduction of the t-wo secretions can be found both in the mixed 
group and in the group of picked diseases. That the connection is 
so little pronounced in the case of pernicious anemia and diabetes 
mellitus is probably due to. the circumstance that so few patients 
-with these diseases have been included. The mixed group is of 



THE PREQUENCY OF REDUCED EACRYMAE SECRETION IN ETC. 455 


Table 1. 


Lacrj’mal secretion 
Salivary secretion 

Normal 

Normal 

Low 

Normal 

Normal 

Low 

Low 

Low 

M. 

11 

M. 

11 

M. 

O 

M. 

111 

Di.abclcs mellitiis 

3 

1 

0 

1 

0 


0 

3 

Pernicious anemia 

1 

0 

0 

0 

2 


0 

1 

Sideropenic anemia 

0 

3 

0 

1 

0 

4 

1 

5 

Mj'xocdcma 

0 

•1 

0 

0 

0 


0 

1 

Sprue 

0 

0 

0 

0 

0 


0 

0 

Others 

II 

23 

1 

•1 

1 

4 

1 

15 

Summa 

15 

31 

1 

f) 

3 

15 

2 

25 


course verj' hclcrogcnous, hut scorns to show better correlation 
than the other groups, especially in the case of the women. The 
mo.st essential feature in common for these female patients is their 
age — all of them, with one exception, having passed the climac- 
teric, But it is wrong to associate the complaint with senility, only 
G of Die 15 women being more than 60 years of age. 

The material does not permit us to conclude what is the cause 
of this connection between the reduction of the salivary and the 
lacrymal sccrclions, A few' facts may be pointed out: Thus it 
appears tliat the inncivation of tlic salivary glands is intimately 
connected w'ith that of the lacr^'mal glands, the parasympathic 
fibres originating in tiie same nuclei and running parallel towards 
the periphery through the same nerv'es, so tliat a lesion of neiwc 
fibres leading to one gland easily may be accompanied by a damag- 
ing of the nerves of the other gland. It seems less probable, how‘- 
cver, that a cerebral disease should be responsible, although this 
possibility cannot be excluded. A fact that tells against it is that 
patients with reduced salivary and lacrymal secretions in most in- 
stances as a parallel symptom also show a reduced Stomach .sec- 
retion, an achylia gastrica, and in same cases a reduced vaginal 
secretion. 
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A number of earlier jiapcrs have dealt with the occurrence of a 
reduced sali\’ary secretion and the conditions under which this 
jdienornenon appears. The findings arc in the main in agreement 
with those described by Fabian in his monograph, although some 
deviations have been found. Thus the present author has observed 
the reduced salivary secretion most often in connection wth achy- 
lia gastrica, though this is not always the case: Tlic reduced sali- 
vary secretion in pernicious anemia is c.g. found to he most frequ- 
ant in llic anemic periods, and in most cases the secretion will 
egain become normal during the specific treatment of the anemia. 
The papers by the author have emphasized that, with our prc.sent 
hnow'lcdge, it is impossible to furnish a more detailed analysis of 
the pathogeny of such a reduction of the salivary secretion. It is 
only possible in the eases where a definite local affection of the 
salivary glands can he demonstrated, most frequently in the 
fonn a chronic inflammation. In the other eases it is not known 
whether the reduction of secretion is dependent on changes in the 
gland itself or whether the origin is central. 


’ Aided by a grant from tlic P. Carl Petersen Foundation. 
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It seemed possible, that an investigation of the composition of 
the saliva might yield some information. Hence, in a number of 
instances analyses have been made of the contents of amylase and 
protein in the saliva, normal individuals as Avell as patients vith 
reduced secretion being included in the investigation. 

Technique. The saliva is collected by continuous suction through 
a bifurcated tube placed under the tongue. The saliva is first col- 
lected during 3 periods of 10 minutes each, so that the basal secre- 
tion may be measured. The individual is then given a subcutaneous 
injection of 2.5 mg of pilocarpine and the saliva is collected for 
yet another 2 periods of 15 minutes each. The basal secretion is 
recorded as the highest secretion during one of the two last preli- 
minary periods, and is expressed in ml per minute. The secretion 
after injection of pilocarpine is similarly expressed, as the secre- 
tion per minute in the largest portion. As a rule the collection is 
carried out while the patient is lasting, or at any rate several 
hours after his last meal. In the protein determinations the first 
portion is rejected in order to eliminate any possible error due to ' 
detritus protein, while all portions are used for the amylase deter- 
minations. 

With a few modifications the technique which Nerby has deve- 
loped for blood is used in the determination of amylase. As long as 
the cleavage of starch caused by the amylase does not exceed 
40 % the reaction will be monomolecular and the reaction cons- 
tant will be proportional to the amount of amjdase. The latter is 
expressed by the reaction constant multiplied by the dilution, 
which in most experiments has been 1: 500. The time of experi- 
ment has been 30 minutes, and the temperature 37° C. 

The protein determinations are made on fresh saliva, calculated 
as the difference between the total nitrogen and the nitrogen con- 
tent after precipitation of the protein with tannic acid, as it is 
found extremely difficult to collect the protein quantitatively after 
the precipitation. Nitrogen is determined in the apparatus of 
Parnas and Wagner. 

As regards amylase the experimental results are recorded in 
table 1. A total of 28 persons have been examined. Tlie 7 samples 
of saliva from normals show an average amylase activity of 2.195 i 
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Table 1. 

The amylase content of saliva at varying rates of secretion before and after 

pilocarpine. 


No 

Secretion at rest 

Secretion after pilocarpine 

Serum 

amylase 

ml 

Amylase 

Ml 

Amylase 


saliva pr 
minute 

units pr 
ml saliva 

units pr 
minute 

saliva pr 
minute 

units pr 
ml saliva. 

units pr 
minute 




I- 

■formal 




1 

0.52 

0.938 i 

0.488 

1.88 

2.435 

4.58 


2 

0.51 

1.448 

0.743 

1.70 

2.834 

4.82 

0.00416 

3 

0.37 

2.500 

0.933 

1.62 

3.022 

4.90 

0.00392 

4 

0.47 

2.892 

1.368 ' 

1.73 

2.487 

4.30 


5 

0.48 

1.945 

0.938 

2.33 

2.625 

6.11 


6 

0.36 

2.892 

1.033 

1.G7 

2.950 

4.93 


7 j 

0.33 1 

2.750 

0.908 

1.27 

3.232 

4.11 j 




Patients with normal secretion 



8 

0.62 

3.050 

1.891 ! 

1.00 ' 

2.570 

2.57 

0.00594. 

9 

0.28 

3.445 

0.9G5 

0.80 ' 

3.215 

2.58 

0.00878 

10 

0.67 

2.384 ! 

1.597 

1.82 

2.006 

5.29 

0.00248 

11 

0.02 

2.051 

1.272 

1.00 ' 

2.512 

2.51 


12 

1.33 

1.543 

2.052 

1.20 

1.863 

2.23 

0.00538 

13 

0.43 

1.425 ' 

0.618 

1.50 

1.962 

2.94 


14 

S 1.21 

1.628 j 

1.970 

2.40 

2.693 

6.46 


15 

I 0.48 

0.648 

0.311 

1.70 

2.168 

3.69 


IG 

j 0.29 

3.082 1 

0.894 





17 

0.23 

3.142 

0.723 

1.07 1 

3.323 

3.56 





Patients with xerostomia 



18 

1 0.07 

1 0.625 

0.044 

[ 0.15 

0.603 

0.09 

0.01034 

19 

0.14 

0.367 

0.051 

1 0.77 

2.785 

2.14 


20 

0.13 

1.911 

0.248 

1 0.97 

2.862 

2.78 


21 

0.05 

0.207 

0.010 

0.87 

2.780 

2.42 


22 

0.07 

i 0.764 

0.053 

0.63 

3.050 

1.92 


23 

0.14 

2.892 

0.405 

0.70 

2.5GS 

1.80 

0.00686 

24 

0.07 

3.415 

0.239 

1.50 

3.248 

i 4.87 


25 

0.01 

0.470 

0.005 

0.08 

. 0.247 

0.02 

0.00106 

26 

0.01 

3.052 

0.031 

0.12 

3.568 

0.43 

0.00290 

27 

1 0.13 

2.907 

0.378 





28 

0.17 

1.812 

0.308 

0.97 

2.500 

2.42 

0.00332 
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Fig. 1. Protein content of saliva before • and after o pilocarpine injection 


0.359 units. Tlie 10 samples from patients tvitii normal or but 
slightly reduced salivary secretion show an average amylase acti- 
vity of 2.240 ±0.376 units.- 11 patients with a definitely, most 
often verj' considerably reduced secretion give the average of 
1.674 ± 0.405 units. The difference of 0.548 units which is here 
found between patients with normal secretion and patients wth 
reduced secretion is not sure, however, since the mean error of 
the difference between the mean values is 0.42*1. More distinct and 
significant is, however, the reduction of the amount of amylase 
Secreted per minute in the patients with reduced salivary secre- 
tion. The injection of pilocarpine is followed by an increase of the 
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jn saliva pr minute 

Fig. 2. Protein content of saliva before • and after o pilocarpine injection in 

G normal cases 



Ml saliva pr minute 

Fig. 3. Protein content of saliva before • and after o pilocarpine injection 
in 4 cases of xerostomia. 
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Fig. 4. The amount of protein secreted pr minute at varying rates of 

salivary secretion. 


amylase activity of the saliva in all three groups examined, to 
values of 2.798, 2.468 and 2.321 respectively, so that the rise 
is the highest in the group vith the lowest basal secretion. The 
amount of amylase secreted per minute, however, show a much 
smaller rise in the last mentioned group. 

A few cases also include a determination of the amylase in 
serum, but it has been impossible to demonstrate any correlation 
between the amount of serum amylase measured and the simul- 
taneous amylase content of the saliva. 

In the case of protein the results of 35 analyses are recorded in 
fig. 1. It will be seen that the protein content of the basal saliva 
shows a definite dependence on the rate of Secretion, the data 
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disclosing tlia,t the samples ivhich are secreted at the lowest rate 
contain most protein. The average protein content of the samples 
that are secreted at a reduced rate is 3.8 mg per ml, While the 
samples secreted at normal rate show an average of 2.06 mg per ml, 
The injection of pilocarpine is, as a rule, followed by a fall in the 
protein content. This, however, does not apply to the samples from 
the 6 normals, as seen in fig. 2. But there is always a fall in the 
case of xerostomia patients, see fig. 3. The rise in the protein con- 
tent of the saliva which is secreted in reduced amount is not large 
enough to compensate for the decrease in the amount of saliva, so 
that these patients also in the case of the protein show a reduc- 
tion of the total amount secreted per minute, see fig. 4. 

Discussion. Patients YVith reduced salivary secretion thus 
show a larger protein content of the saliva than normal indivi- 
duals, both pr ml saliva and pr minute. The amylase content 
seems to be reduced, though the data are uncertain when measured 
pr ml saliva, but appear satisfactory when measured pr minute. 
These findings agree reasonably well with the statements m the 
literature concerning the normal secretion. In an investigation of 
normals Bramkamp thus finds an increase in the protein content of 
the secretion from the parotid gland at increasing rate of secretion, 
but in the mixed saliva from all glands he finds no variation. Expe- 
riments by Carlsen and Crittenden show for increasing secretion 
the largest amylase content in the saliva which is secreted at the 
highest rate. Delhougnc finds a rise after mastication and hista- 
mine injection, but a fall after stimulation with pilocarpine. 

Very few investigations deal with the conditions in the case of 
pathologically reduced secretion. Charles and Dalmas-Monsalet 
find a decrease of the amylase eontent in patients with reduced 
salivary secretion. Similar results are obtained by Meyer, Golden, 
Steiner and Ncchelcs in old age where the salivary secretion is 
lower than in the j^oung. The more scanty saliva of infants likc- 
•wise shows a lower amylase content (Mayer). Fabian, however, 
finds no correlation between the rate of secretion and the amylase 
content. The present author has been unable to obtain informa- 
tion regarding earlier investigations on the protein content in the 
case of reduced salivary secretion. 


— Acta mcd. scandinav. Vo/. CXVIJI. 
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The material here presented, dealing \srith patients with xero- 
stomia, includes both patients -with a definite disease of the sali- 
vary glands (epidemic parotitis (case nr 18), chronic sialodcnilis 
(case no 25) and congenital aplasia of the salivary glands, espe- 
cially parolis (case no 26), all studied vith regard to amylase content) 
and patients where the xerostomia is due to other causes. The 
first mentioned patients do not show any difference from the 
other xerostomia patients in so far as the substances investigated 
are concerned. It is impossible, however, from this circumstance 
to draw any definite conclusion regarding the mechanisnj of the 
reduction of the salivary secretion, although its origin at least in 
the three cases mentioned would seem to be peripheral. Other 
facts fail to support the idea. Even though the reduction of the 
amylase concentration at low salivary secretion is not sure in the 
present investigation, it seems rather probable, especialy when 
measured pr minute. A reduction in amylase and a rise in protein 
would agree with the idea that the reduction of secretion first of 
all has affected those parts of the salivary glands which produce a 
serous secretion. This secretion, which first of all has its origin in 
the parotid gland, will be rich in amylase, w'hile the largest addi- 
tion of protein to the saliva would come from the mucous glands. 
This is in agreement with the clinical observation that it more 
frequently is tlie parotid gland which is affected in chronic sialo- 
adenitis. ^^^lat is said here rather supports the theory' of a central 
cause of the xerostomia. 


Summary. 

The am5'lase and total protein content of .saliva secreted at nor- 
mal and reduced rates is compared. The amylase content of the 
saliva in patients with xerostomia is found slightly reduced pr ml 
saliva, but when measured per minute the reduction is more defi- 
nite. The protein content is found higlier the lower the rate of sec- 
retion. These findings suggests that the reduction of tlic secretion 
in xerostomia first and strongest will affect tlie serous, c.spccialy 
the parotidic secretion. The mechanism of the reduction is not 
evident from these findings. 
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Methylscopolamine nitrate/ a new vegetative 
antispasmodic, 

and 

A review of the investigations on the effect of the atropine 
group on nonstriated gastro -intestinal muscle. 

By 

EBBE NYMAN. 

(Submitted lor publication M.ay 21, 1944), 


The effect produced by the alkaloids of the atropine group on 
the tone and motor functions of the abdominal alimentary organs 
has been the subject of much discussion, not the least interest 
having centred around their value in the treatment of pain arising 
from ulcers. Des' ite the fact that very variable results have been 
obtained both from animal experiments and in clinical medicine, 
these substances have continued to be used by clinicians for more 
than half a century as vegetative antispasmodics. As regards the 
ulcerous conditions, some observers have paid more attention to 
the secretion inhibiting action of these drugs, "while others have 
concentrated more on the aspect of the spasmolytic effect they 
exercise on the vegetative system. Our present view of the matter 
has perliaps been summed up most satisfactorily by Kalk and 
Siebert (1927) in the following manner: )>Das Problem des Magen- 
sclimerzens und seiner Beeinflussung durch Atropin ist vielmehr 
ein Problem des Tonus und der Motilitat als der Selcretion». 

’ Manufactured and sold by A. B. Pharmacia, Stockholm, under the name 
of »Skopyl». 
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von Bezold and Bloebaum (1867) Were among the first to study 
the action of atropine on the intestines. Working with labora- 
tory animals, they found that large doses gradually caused paraly- 
sis of the normal intestinal functions. Keuchel (1868), Who also 
experimented with animals, noted that small doses of atropine in- 
jected intravenously stimulated the spontaneous mechanism of 
the intestines. Hagen (1890) later made the same observation. In 
1886, Schiitz observed that contractions produced by muscarine or 
pilocarpine in the stomach of the dog Were inhibited by small doses 
of atropine, and that an increase in the dose caused a considerable 
decrease of tone, and dilatation of the stomacli in situ. Tlie motor 
mechanism Was hindered also when the dog’s stomach was isolated. 

Bayliss and Starling (1899), on the other hand, found that 
atropine could not prevent the effect produced by vagal stimula- 
tion in the dog’s intestine. 

The method introduced by Magnus (1904), by which graphic 
records were made of the contractions in isolated, surviving pieces 
of intestine suspended in a physiologic saline solution through which 
a stream of oxygen was passed, opened up new possibilities for 
studying each of the various motor functions separately. By means 
of this technique, Magnus (1905) was able to establish that the 
initial excitation sometimes observed in connection with atropiniz- 
ation of the intestines is brought about solely by an impulse from 
the autonomic nervous system (Auerbach’s plexus). Pieces of intes- 
tine painstakingly freed from all connection with the plexus did not 
display this augmentation in the contraction rate; they only 
became paralyzed as a result of the administration of atropine. 
Magnus stated his views on the effect of atropine on the intestines 
in the following summarized form. 

1. In pieces of intestine not freed from plexus fibres, an initial 
augmentor effect occurs even with 0.025 — 0,075 per cent atropine 
in Ringer’s solution, especially if the intestine has previous^ 
displayed a decrease of motility. 

2. With the same strength of atropine, the contractions gradu- 
ally become regulated, particularly in longitudinal fibres to Which 
the plexus is attached, resulting in a constant tone and regular 
pendulum movements. 

3. Paralysis of the intestine occurs only When strengths of over 
0.05 per cent atropine are applied. In specimens freed from plexus 
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fibres, paralysis was first observed with strengths around 0.2 per 
cent. 

Thus, the conditions described by Magnus can be said to be 
rather complicated. For practical purposes, Magnus (1907) came 
to the following conclusion: »Fur die therapeutische Beurteilung 
des Atropins kommt hier nur die Wirkung der kleinsten Dosen in 
Betracht, also erstens die Erregung der DarmbeWegung und zwei- 
tens ihre Regularisierung». A similar point of view was expressed 
by Kress (1905). 

In a joint publication, Langley and Magnus (1905—1906) 
demonstrated that a 1 per cent atropine solution applied locally to 
the small intestine of tlie cat usually produces strong contrac- 
tions confined to a small area, and of short duration and reprodu- 
cibility. In the descending colon of the rabbit, When the records 
Were made by the balloon method with the intestine in siiu, the 
tone was increased and the mechanical movements became regu- 
lated. 

Unger (1907) obtained in the main the same results as Magnus, 
but he mentioned having also observed an inhibitory effect when 
much lower strengths of atropine Were used. In experiments on 
the small intestine, using the Magnus technique, Unger noted that 
concentrations of between 0.000005 and 0.0025 per cent atropine, 
or between 0.05 and 25 mg of atropine per litre of normal saline 
solution, caused a relative degree of inhibition together With dec- 
rease of tone and levelling of the variations. It Was not until he 
raised the strength to 0.006 — 0.016 per cent that he was able to ob- 
tain the augmentor effect previously demonstrated by Magnus. 
Magnus (1908) questioned the correctness of Unger’s findings, and 
suggested that his results must be due to experimental errors, the 
exact nature of which are not stated, however. Van Lidth de 
Jeude (1916, 1918), in a comprehensive publication, reported obser- 
vations supporting the results obtained by Unger. 

According to Hirz (1913), no stimulatory effect occurs when 
atropine is applied to the rabbit’s intestine. In the cat, he obtained 
sporadic evidence of augmentation of tone and of increased intes- 
tinal movement. Trendelenburg (1917) attacked the problem by 
another method Which aimed at recording the intestinal contrac- 
tions in isolated pieces of guinea-pig intestine. In order to supply 
an excitatory stimulus he stretched the suspended piece of intes- 
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tine, 'Which 'Was filled 'With, and immersed in Tyrode’s solution. By 
means of this technique Trendelenburg "Was able to shoAV that in 
the small intestine of the guinea-pig the peristalsis is inhibited by 
atropine at any strength. The rabbit’s intestine, on the other hand, 
did not give such unequivocal results. In this connection Tren- 
delenburg pointed out the similarity between the reaction of the 
guinea-pig’s intestine and that occurring in Man. At an earlier date, 
in fact, Katsch (1914) had demonstrated, on the evidence of roent- 
genographic studies using contrast solutions in human beings, 
that atropine, in doses therapeutically usable, causes broadening 
of the outline of the small intestine, smoothing of Kerkring’s folds, 
and retardation of the passage of the contrast. Yet, in spite of this, 
there had been no signs whatsoever of initial excitation. Even 
before this, also, Katsch (1913) had found, by examining the rab- 
bit’s intestine in situ through an abdominal fenestra, that not 
even with this experimental method did atropine produce any 
augmentation in the motor mechanism; in every experiment its 
action was solely inhibitory. Katsch’s results may be briefly sum- 
marized as follows: 

Atropine causes in man: 

1. Diminution of the intestinal movements, especially in the 
colon. 

2. Decrease of tone of varying degrees, this being reflected, for 
instance, in increased colonic width, increased width of the small 
intestine and obliteration of Kerkring’s folds, flaccidity of the 
colonic sacculations, lengthening or even folding of the transverse 
colon, and opening of the ileocecal valve. 

3. Prolongation of the passage tlirough the small intestine, but 
acceleration through the colon, at least when the muscles are spas- 
tic and when there is a slow spontaneous evacuation. 

With a view to attempting to account for the variable results 
regarding the influence of atropine on the intestines, Liljestrand 
(1919) took up the question of the varying content of atropine and 
and 1-hyoscyamine in the atropine preparations used in this type 
of experiment. He did not succeed in proving that this aspect was 
of any significance, since both atropine and 1-hyoscyamine exer- 
cised the same effect both qualitatively and quantitatively on the 
intestine of the rabbit, the cat, and the guinea-pig, and on the rab- 
bit s and the guinea-pig’s intestine the same quantitative effect 
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■Was obtained. Nor could Liljestrand confirna the observation made 
by Cushny (1904), that 1-liyoscyamine -was twice as active as 
atropine on unstriped muscle also. In Liljestrand’s experiments 
also, an excitatory effect of atropine on the intestine was observed, 
especially if the intensity of the spontaneous movements had pre- 
viously been lowered. 

The experiences from these various types of experiments on 
laboratory animals form the background of the present methods 
of applying atropine in clinical practice, not only for the regula- 
tion of the motor functions of the intestines, but for the stomach 
also. The absence of studies on the ventricular movements in 
animals is very strildng. In all probability the reason for this is that 
investigations of this nature present certain difficulties, in that 
it has not been possible to isolate from the stomach functional 
units equivalent to those taken from the intestine. 

Among the more recent investigations on the action of atropine 
on the intestines may be mentioned those undertaken by Straub 
and Munos Fernandez (1933). These observers did not consider 
they could obtain reliable results from isolated pieces of intestine, 
and their method was therefore to insert manometers into the small 
and large intestines of the guinea-pig, in sUu. With this technique 
they found, to state it briefly, that neither atropine, 1-hyoscya- 
mine, nor scopolamine, in therapeutically usable doses (10 y per 
Kg of body weight), produced an effect on the peristaltic move- 
ments in any segment of the intestine. On the other hand, even 
the mentioned dose caused a considerable general lowering of tone. 
In this respect, atropine and 1-hyoscyamine mainly affected the 
small intestine, and scopolamine the large intestine. 

Of the large number of clinical investigations and reports on the 
action of atropine on the gastro-intestinal tract, only a few can be 
mentioned here. 

Rieder (1906) reported good results in the treatment of the 
so-called hourglass stomach, von Bergmann (1913) took up the 
question in connection 'With his spastic ulcer theory. He considered 
atropine’ to be clinically useful as a tone-reducing agent for ulcers, 
as Well as for other conditions, an opinion which has since been held 
almost vdthout exception by most clinicians. 

Zuntz and Tysebaert (1916) maintained that, judging from 
their observations on clinical material, to produce an effect on both 
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tone and peristalsis different amounts of atropine vfere required. 
Thus, a lo\^ering of tone, according to them, ^^?as easier to produce 
than inhibition of the peristalsis. Katsch (1914) had shown, in the 
roentgenographic investigation already mentioned, that atropine 
delays the emptying of the stomach’s contents, and this observa- 
tion has since been confirmed by many investigators, among others 
lOee (1920), and Lockwood and Chamberlain (1922). 

Lasch (1922) also obtained in a clinical series, in connection with 
roentgen examinations of the stomach, the same initial stimula- 
tion due to atropine as that noted by earlier observers in animal 
studies. According to his findings, there was augmentation of the 
peristaltic movements in the stomach 15 — 20 minutes after the 
injection of atropine, before inhibition and atony occurred. In this 
series also, there Was delayed evacuation, despite the fact that in 
most instances the pylorus was so wide open that the examiner 
could with ease press out the contrast solution into the duodenum. 
Much difference of opinion has been expressed regarding the 
behaviour of the pylorus after the administration of atropine. In 
contrast with the features noted by Lasch (1922), lOee (1920) found 
that the deferred emptying of an atropinized stomach Was not due 
to atony, but that the explanation was rather to be sought in an 
increase of tone in the pylorus. Otvos (1921, 1922) drew the same 
conclusions from roentgenographic evidence obtained from human 
beings. In healthy subjects, not even 1 — 1% mg of atropine, admi- 
nistered by injection, produced any definite effect on the peristal- 
tic waves and the tone of the stomach; in patients With an ulcerated 
stomach, on the other hand, the emptying time Was prolonged, a 
feature Which Was ascribed by Otvos to an excitatory effect of the 
atropine due to heightened irritability of the pjdorus (Auerbach’s 
plexus) brought about by the ulcerative process. In healthy per- 
sons the lower degree of irritability in the pylorus was in his opinion 
counteracted by the presence of a motor mechanism of equal 
strength in the fundus musculature, capable of overcoming the re- 
sistance of the pylorus. This explanation, however, seems slightly 
complicated, to say the least of it. Klee (1920) thought a prepon- 
derance of the sympathetic tone in the pylorus might be present 
under the influence of atropine, but at the same time he ende- 
avoured to illustrate the probable unimportance of this factor by 
demonstrating that although the pylorus is open after sectioning 
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of the splanchnic nerves the emptying time is nevertheless pro- 
longed. 

In comparison -vVith the experiments pointing to the likelihood 
that pyloric spasm is the effect produced by atropine, we may 
place the empirical experiences gained from the treatment of 
infantile pylorospasm with atropine derivatives, the most striking, 
and up to the present the most efficacious of which has been methyl- 
atropine nitrate (methatr opine). In the case of the latter, however, 
it has been a matter of considerably larger doses than those gener- 
ally used with the other derivatives (Svensgaard, 1935). 

There still remains established, however, the delaying action 
of atropine on the initial emptying of the stomacli due, from what 
can be judged, to both lowering of tone and inhibition of the peri- 
stalsis. This effect has of recent years been confirmed repeatedly 
by different authors, among others by Kalk and Siebert (1927), by 
Herrin (1936), and by Nyman (1942). 

In this connection, however, it should be stressed that, accord- 
ing to quite a number of publications, mostly from earlier years, 
atropine in therapeutic doses has no effect on the stomachal peri- 
staltic movements in man. To this category belong the papers of 
Crohn (1918) and of Bastedo (1920). 

In 1942, the author of the present paper showed that methyl- 
atropine nitrate has a much stronger peripheral, anticholinergic 
effect on a number of human functions than atropine sulphate. 
The likelihood was then also suggested that scopolamine compounds 
derived in the same way, that is, derivatives with methylated 
pentavalent nitrogen, might also possess properties of therapeu- 
tic value. A few preliminary observations were also reported in 
the same publication (1 c, p. 121). Since then, the preparation of 
methylated scopolamine derivatives has been continued, on the 
suggestion of the writer, and a number of investigations on- their 
use have been carried out. Up to the present, the results of studies 
of their action on the salivary secretion, the pupil, and the cardiac 
branches of the vagus, and on the central nervous system, all of 
these in human beings, have been reported, as well as an investiga- 
tion on their toxicity in mice (Nyman, 1943). The object of the 
present communication is to describe firstly, the experiences gain- 
ed with one of these compounds, viz. methylscopolamine nitrate, 
and secondly, its effect as a vegetative antispasmodic in isolated. 
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surviving pieces of small intestine from tlie guinea-pig. Finally, 
a fev^ preliminary clinical results are also presented. 

The writer’s investigations. 

1. Experimenial studies. 

For the tests on the strength of the anticholinergic (parasym- 
pathicolytic, spasmolytic) effect of methylscopolamine nitrate, 
pieces of small intestine from the guinea-pig v/ere isolated in a 
specially prepared bath in the manner described by Magnus (1904). 
In the same experiments the effects of scopolamine hydrobromide, 
atropine sulphate, and methylatropine nitrate vfeve compared with 
the methylscopolamine effect. For details of the technique the 
reader is referred to the paper by Tarras-Wahlberg (1936). A piece 
of the jejunum, 3 — 5 cm in length, taken from a freshly killed, 
medium-sized guinea-pig Was suspended in a glass-container With 
a capacity of 30 ml. This was filled with Tyrode’s solution to which 
glucose (0.5 per cent) had been added, and a stream of oxygen 
(with 5 per cent carbon dioxide) Was passed through it. The con- 
tainer was kept immersed in a Water bath at 38° C. A freshly pre- 
pared solution of acetylcholine Was the agent used to stimulate the 
intestinal movements. After a regular rhythm of contraction had 
been obtained from one and the same acetylcholine dose (usually 
0.5 y) — this did not occur until after the piece of intestine had 
been strained)) a little, the strength of the contractions gradually 
increasing up to a certain level — the inhibiting substances Were 
added in constant amounts. Tliree minutes after the last change of 
solution the antidiolinergic substance, in solution, was pipetted into 
the glass-container. Exactly 30 seconds later, the same dose of 
acetylcholine as had been used before was added. The tracing then 
obtained constituted a direct measure of the relative strength 
of the inhibiting substance. After an experiment of this kind the 
piece of intestine showed gradually decreasing irritability over a 
period of 30 — 45 minutes. As four different substances Were being 
tested on the same piece of intestine in these experiments it Was 
not always easy to maintain, or to reproduce, a constant state of 
irritability in the piece of intestine during the 3 — 4 hours required 
for the experiment. It Was by no means always possible to obtain 
irreproachable series of tests in which the intestine had had time. 
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not only to recover from each dose of the inhibiting substances 
but also to regain a uniform capacity for responding to the standard 
dose of acetylcholine. In the material presented here, six out of the 
fifteen series give no cause for criticism. No excitatory effect whatso- 
ever, resulting from the different atropine and scopolamine derivatives 
was observed in these experiments. 

The course of an experiment carried out in the above-mentioned 
manner •will be seen most clearly by glancing at the graphic records 
in figure 1. 

The whole experiment illustrated by the curve represents a 
time of four hours. A time marker has not been shown because 
the curve also includes long periods of inactivity on the kymogram. 
The first tracings show the gradual approach of regular intestinal 
movements in response to the dose of 0.5 y of acetylcholine. About 
five minutes elapsed between each addition of acetylcholine. At 
the first arrow 0.1 7 of atropine sulphate Was added, and exactly 
30 seconds later 0.5 y of acetylcholine, a contraction then being 
obtained Which Was much weaker than that recorded after the 
addition of acetylcholine alone. After the intestine had been allow- 
ed to rest for about 30 minutes, during which time it Was washed 
repeatedly, it rid itself of the effect of the atropine and regained 
its orignal sensitivity to acetylcholine. At the second arrow 0.1 7 
of methylatropine nitrate, and after 30 seconds 0.5 y of acetylcho- 
line Were added. The resulting contraction Was even Weaker than 
when the atropine was added at the first arrow. The same proce- 
dure was repeated at the third arrow, 0.1 y of scopolamine hydro- 
bromide being added this time, and at the fourth arrow the new 
agent, methylscopolamine nitrate, was used in the same dose. The 
latter drug almost totally inhibited the acetylcholine effect. In other 
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Table 1. 


The relative strenglhs of certain atropine and scopolamine compounds as acetyl- 
choline antagonists, measured in guinea-pig intestine. 


Compound 



Series no. 

; 


Mean 

value 

3 

7 

8 

11 

14 

15 

Atropine sulphate 

I.O 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Methylatropine nitrate 

2.0 

• — 

1.6 

— 

2.5 

2.0 

2.0 

Scopolamine hydrobromide 

0.5 

0.4 

0.8 

0.7 

0.8 


0.6 

jrethylscopolamine nitrate 

5.0 

6,4 

7.4 

5.9 

4.2 

4.4 

5.5 


experimental series the order in ■wliich the different derivatives Were 
added was varied . The experiments were otherwise carried out under 
a standard set of conditions, the same for all tests. Fresh solutions of 
both acetylcholine and inhibiting substances were prepared for 
each experiment. Tlie results are shown in tabulated form in table 
1. The method of estimation was to measure the height of the indi- 
vidual contractions to within half a millimetre from the base and 
to calculate their height in per cent of the regular standard con- 
tractions occurring after the dose of acetylcholine, when there was 
no inhibiting effect. As already mentioned, no appreciable margin 
of variation was allowed in the standard contractions (< 10 %), 

Thus, if tlie relative antispasmodic effect of atropine sulphate 
on guinea-pig intestine be made equal to 1, these experiments 
prove that methylatropine nitrate (methatropine) is twice as active. 
Further, that scopolamine hydrobromide is much Weaker than atro- 
pine sulphate, and that the new agent, methyl scopolamine nitrate, 
possesses a striking degree of aclivitg in the connection treated corre- 
sponding to between five and six times the activity of atropine sulphate. 

As regards the other properties of methylscopolamine nitrate, 
the reader is referred to the Writer’s previous publication on the 
subject (1943). For the sake of clarity, a tabulated review of the 
properties of the substance, as compared with the other atropine 
and scopolamine compounds mentioned in the present paper, is 
appended (table 2). 

2. Clinical studies. 

The fact that the new agent, methylscopolamine nitrate, does 
not have the inhibitory effect on the central nervous system ordin- 
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Table 2. 

Relative effects of certain atropine and scopolamine compounds on the functions 

of different organs. 


Substance 

Chemical 

constitution 

Relative toxicity 
in white mice 

Relative inhibition 
of the salivary flow 
in jnan 

Relative mydriatic 
effect in man 

Relative antispas- 
modic effect on 
guinea-pig intestine 

Inhibition of the 
■ cardiac vagus in 
man 

Inhibition of the 

central nervous sys- 

tem in therapeutic 
doses in man 

Atropine 

Trivalent 







sulphate 

nitrogen 

1 

1.0 

1.0 

1.0 

+ 

— 

Methylatro- 

Pentavalent 







pine nitrate 

nitrogen 

3 

2.2 

1.3 

2.0 

+ -f + 

— 

Scopolamine 

Trivalent 







hydrobromide 

nitrogen 

1 

3.0 

3.0 

0.6 

— 

+ + + 

Methylscopol- 

Pentavalent 







amine nitrate 

nitrogen 

3 

3.6 

3.0 

5.5 

+ + -1- 



raily produced by scopolamine hydrobromide while at the same 
time the spasmolytic effect on the vegetative system in the intes- 
tines of animals is increased tenfold, obviously justifies the testing 
of the substance on clinical material. The increased toxicity Which 
has been observed in animal experiments, similar to that found in 
connection with atropine and methatropine, is in all probability 
of little practical significance, with the doses employed. As in 
the case of atropine, larger doses of the new agent have a stimu- 
latory effect on the central nerves. 

Up to tlie present, the extent of the clinical trials has been 
limited. It goes without saying, also, that experiences from an 
agent with such a wide field of application as one excercising an 
antispasmodic effect on the vegetative system can only be gathered 
by degrees. Furthermore, We are dealing here with a type of treat- 
ment in which it is often difficult to establish and estimate the 
objective effects. It seems to me, however, that the agent has 
been of value in thirty odd cases of ulceration in which I have tried 
it, the dose used — % mg. x2— 4 — having in almost every instance 
brought freedom from pain and caused no after-effects When 
applied in conjunction with the other treatment. In a few cases of 
suspected or established gallstone, also, it had a noticeable effect 
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■When injected in a dose of 0.2— 0.3 mg. Leander (1944), in con- 
nection with a review on the evacuation of the urinary bladder 
from the aspects of pathologic physiology and therapy, stated 
that he had found the agent useful in a few cases of spastic distur- 
bances of the bladder. Investigations on the usefulness of the 
substance for various purposes are in progress, especially in in- 
fantile pylorospasm. 


Summary. 

After reviewing the publications on the effect of the atropine 
alkaloids on unstriped gastro-intcstinal muscle the author des- 
cribes his own investigations in connection with a new drug, a 
methylscopolaminc derivative (an N-methylated scopolamine 
with pentavalent nitrogen) w'hich has proved in laboratory animals 
to have an antispasmodic effect on the vegetative system about 
five times greater than that produced by atropine sulphate and 
tenfold surpassing the effect of scopolamine hydrobromide in this 
respect. As the new drug does not have the inhibitory effect on the 
central nervous system shown by scopolamine hydrobromidc, its 
powerful antispasmodic action on the vegetative system can be 
utilized in clinical medicine ■without risk of bye effects on the central 
nerves. Tlie fact that, o-wing to the mcthylation, its effect on non- 
striated muscle is relatively stronger than other effects also facili- 
tates the better utilization of this property. Encouraging results 
have been obtained from preliminary investigations on clinical 
material. 
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Introduction. 

Hemorrhagic diathesis caused by fibrinopenia is still diagno- 
sticated so rarely, that every case ascertained with certainty has 
a claim for publication. The same holds good to a still higher degree 
with regard to the combination of fibrinopenia with a transitory 
or permanent thrombopenia, a phenomenon wliich is certainly 
in no way unltnown in the hematologic literature (Opitz and Sil- 
berberg, Risak, Macfarlane, Glanzmann, Steiner and Keller, Hau- 
ser, Dam, Larsen and Plum), but to which the said authors do 
not seem to have paid any special attention. In a previous work 
{Nord. Med. 20. 1697, 1943) I myself have had an opportunity 
to prove the connection between the blood platelets and the fihrine 
values, which is found in cases of severe injury to the parenchyme 
of the liver, as appears in the case of a chronic hepatitis and hepatic 
cirrhosis. The conclusion of the work was, that simultaneously 
reduced blood platelet values and fihrine values for all practical 
purposes were an uni decipherable proof of the presence of a paren- 
chymateous mesenchymal liver affection (this in contradistinction 
to the so-called ectodermal, epithelial liver affections, the hepa- 

' Given as a lecture before »The Danish Society for Internal Mcclicinei> 
2. 5- 1944. 

•32 — Ada mcd. scandinav. Vol. CXVIII. 
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toses). An account was given of the utilization of the phenomenon 
in the liver diagnostication. In the work mentioned, however, 
it was expressly emphazised, that there is in no way any question 
of a compulsorj^ coupling betw’een the blood platelet values and 
the fibrine values. 

A number of works from later years (Glanzmann, Steiner and 
Keller, Freudenberg, Dressier, Hauser) have quite surprisingly 
and apparently somewhat uncomprehensibly given information 
about favourable effects of the K-vitamin in certain hemorrhagic 
diatheses, which were contingent on thrombopenia, thrombasthenia 
and fibrinopenia. The authors mentioned state, that the favourable 
effect consists in a normalizing of the bleeding time, the clotting 
time and the clot retraction, whereas the thrombopenia and 
fibrinopenia, which form the basis of the disease exist unchanged. 
Hauser demonstrates the rather frequent combination of absence 
of prothrombin and thrombopenia (values 58,000 — 54,000 — 
89,000 — 63,000 — 107,000 — 2,560) in newborn children with dif- 
ferently formed courses of mb, hemorrhagicus neonatorium and 
finds a favourable effect of a K-vitamin supply (Synlcavit), also 
in some cases, where a thrombopenia was present. After this Hauser 
considers the employment of the K-vitamin in cases of thrombo- 
penia and thrombasthenia to be justified. 

Dressier finds a reduction in the bleeding time during the 
Synkavit treatment in a case of thrombopenia (blood platelet 
values 10 — 30,000), where the clotting time and the prothrombin 
time were normal. Synkavit was given in very large doses, up to 
8 ampullse intravenously every time. Freudenberg is of the opinion, 
that the contents of fibrinogen may also be effected by very large 
doses of Synkavit. Especially Glanzmann, Steiner and Keller, 
have mentioned the transitory thrombopenia during acute 
hemorrhagic diatheses, which besides does not belong to the so- 
called thrombopenic group. 

Own researches. 

In the following I am going to state some observations with 
regard to 2 cases of hemorrhagic diathesis, contingent upon 
essential, familiar fibrinopenia. On the background just mentioned 
these cases give occasion to further reflections on the relation 
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between fibrinopenia, tbrombopenia and hypoprothrombinemia. 
The hemorrhagic diatliesis of fibrinopenia is as well known a latent 
one and does not become manifest until some trauma occurs, 
e. g. tooth-drawing, parturition, menses, and in newborn it may 
for i. cause afterbleeding from the stump of the umbilial cord. 

Case records. The patients in question are brothers, nr, 3 and 
4 respectively of 4 brothers and sisters. Nr. 1 a girl, died at birth 
nr. 2 a girl 5 years old, is healthy and has never offered any sign 
of a hemorrhagic diathesis. 

No known dispositions in the father’s family, especially no 
hemorrhagic diathesis. The mother has 9 brothers and sisters, 4 
men and 5 women. A brother has suffered from protracted 
bleedings from the nose during his childhood and youth, this had 
decreased considerably during adultness, a sister is likewise greatly 
disposed for bleeding from the nose, and 2 years ago hypopro- 
thrombinemia was demonstrated in her (P. Plum). All the other 
brothers and sisters and the mother herself are perfectly healthy 
and they do especially not offer any sign of a hemorrhagic diathesis. 
The family being resident at Bornholm no systematic examinations 
have been possible. 

Patient nr. 1. 6 E. R., horn 8/3 1940. r. loOjlV — 1940, admitted 29J3 
— 414 1940. Mature birlli, weight at birth 3 200, breast-child. 

MTien the navel fell on the 7lh day, bleeding commenced from the 
place, an oozing bleeding was present for a few days, for which reason 
ho got an injection of K-vitamin preparation on the 9lh day, since there 
was no bleeding. Got, however, further for the next 10 days K-vitamin 
tablets daily. On the 21st day of life the prothrombin time was determined 
as R = 2.2, which is a reduced state (R is reversely proportional to the 
contents of prothrombin, normally between 1.3 and 0.7 — Dam and 
Glavind). At the same time a fibrine determination showed 0.14 p. c., 
and. the child was admitted to the department G of the R. H. 

At the admittance there was a little bleeding from the various places 
of blood talcing, but othemise he did not offer any sign of a hemorrhagic 
diathesis during the stay at the hospital. General conditions were good, 
and he was discharged in a state of normal growth. 

Patient nr. 2. $ P. R., born ISjll 1942. r. 7111X1—1943, admitted 
24/11 — 8/12 1942 and 23/11 — 29/11 1943. Mature birth, weight at birth 
3 100, breast-child. 

No particular bleeding at birth, a white infarct was present in the 
placenta. 
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On the 7th day it was observed, that the child was bleeding from the 
navel knocked off. 2 cm^ of Kvitasol is given. As some oozing bleeding is 
still keeping on, kauterization is first made, and then a hemoclaudent 
tampon is fixed, but at last it is necessary to make a restitching, and the 
bleeding stops. The prothrombin time is on the following day determined 
by Larsen and Plum’s method at 120 sec. (normally 18 — 20 sec.) and hb. 
p. c. — 76, for which reason the child is admitted to the department G. 
of the R. H. Here he was not exhausted, drank quickly and did not later 
on offer any sign of a hemorrhagic diathesis, but the prothrombin time 
remained at an increased level (51 — 46 — 51 sec.), for which reason 1 tablet 
of Soluchinon was further given on the 18th day of life. There was 
a moderate, rather quickly-disappearing icterus neonatorum. Was dischar- 
ged in a state of good growth, but still with a rather pronounced anaemia. 
Hb. p. c. == 68. 

Grew well during the following year and offered especially no signs 
of a hemorrhagic diathesis. When the child was 1 year of age, the mother 
applied to the out-patients’ department for children’s diseases of the 
R. H., and caused by phimosis dilation of the prepuce was made with a 
Lister’s pair of tongs. Immediately after this small operation only a slight 
bleeding was seen, but during the day a rather considerable oozing bleeding 
appeared from the preputial fold, so that altogether 5 diapers and trousers 
were well drenched. Therefore the mother applied in the evening to the 
casualty ward, from which the child was admitted. 

At the admittance general conditions were good, the child is some- 
what catharrhal. The prepuce is edematous, on the underside is a bleeding, 
plane of the size of a pea. Touching is repeatedly made wdth perchloride 
of iron 50 p. c., and 1 cm® of Soluchinon \vas given. 

However, as the oozing bleeding keeps on for the first 24 hours, and 
the hb. p. c. has fallen to 59, 90 cnP blood transfusion is given on the fol- 
lowing evening intraosseously in the left tibia. At the same time some 
bone marrow is aspirated from the tibia for examination. 

The number of blood platelets (Oluf Thomsen) is 20,000 immediately 
before the transfusion and on the following days 5,000 — 164,000 — 
159,000. 

Fihrine (Gram) is 0.057 p. c. in the plasma immediately before the 
transfusion. 

The prothrombin concentration (Larsen and Plum) could not be deter- 
mined with any certainty according to the methodics mentioned on account 
of the fibrinopenia, as no formation of clot was seen, not even by obser- 
vation of the sample for up to 16 hours. On the days after the transfusion 
a small clotting was certainly formed aftef the expiration of about 10 
minutes, but the main part of the blood sample had not coagulated after 
having been left for % an hour. 

No further bleeding appeared after the transfusion, and the child was 
discharged after the expiration of 7 days, perfectly quick, but still slightly 
anaemic, hb p. c. 80. 
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The afierexamination of these two patients 3% years and 2 
months respectively after the acute hemorrhagic diathesis showed 
tv’o boys of natural appearance, somatically and psychically 
developed corresponding to their ages. 

Clinically they did not offer any sign of a hemorrhagic diathesis, 
and neither had they done so during the intermediate period. 
Patient nr. 1 had suffered somewhat from strophulus and offered 
at the examination a rather severe pityriasis, patient nr. 2 had 
had some inclination for bronchitis. 

Heraatologically the following findings were made: 


Table 1. 



Pat. nr. 1 

Pat. nr. 2 


<JE. R. 

P- R- 

Hb. p. c 

80 

78 

Leucocyt 

5,460 

18,530 

Diff 

nat. 

nat. 

Blood plat 

73,000 

167,000 

Fibrine p. c 

0.029 

0.035 

Prothrom. p, c 

63 

42 


Consequently this examination shows, that the hemorrhagic 
diathesis is still latently present — so as it is the rule in the case 
of an essential fibrinopenia — as there is an even excessive fibrino- 
penia and a considerable reduction in the prothrombin concen- 
tration, just as the blood platelet values in the one case is decidedly 
too low, while in the other case they are at any rate placed at the 
bottom limit of normality. 

This phenomenon, the combined reduction in the contents of the 
blood of fibrine, prothrombin and blood platelets in a latent phase 
of a so-called fibrinopenic, hemorrhagic diathesis, has not been ascer- 
tained previously. 

The bone marrow. 

Schonholzer in a case of fibrinopenia in a 12 years old boy has 
performed bone marrow puncture immediately post mortem; 
the findings were: A normal erythropoiesis, a myelocytaric displace- 
ment to the left and a heavy reduction of the plasma cells. Beyond 
these findings no research on the conditions of the bone marrow 
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in the case of an essential fibrinopenia has been published hitherto 
in the literature accessible, but these conditions are not without 
interest, as the place of formation of fibrinogen is still in no way 
accounted for. In one of the patients mentioned here (nr, 2), where 
an intraosseous blood transfusion has been made, marrow was 
aspirated before the transfusion for examination. The findings were: 

Preparations for smoothing rather rich in cells. Strikingly great 
quantities are found of lymphocytes (59 p. c.), even when considering 
the age of the patient. Far the greater part of the lymphocytes present 
are small, mature forms, but some large, immature forms are found. The 
quantity of neutrophilely granulated cell forms must be characterized as 
rather plentiful in consideration of the great number of lymphocytes, 
whereas the number of erythroblasts seems to be strikingly small (7 p. c.). 
The differential count shows othenvise no abnormality. Scattered in the 
preparations moderate quantities of plasma cells are found, often in rather 
large crowds, which is rather exceptional, when due regard is taken to the 
patient’s age. Along the borders and at the end of the smooth-preparation 
ample quantities of blood platelets are found in large crowds. Megacaryo- 
cytes are likewise chiefly found along the borders apparently in natural, 
quantities, and morphologically they do hardly offer any abnormalities, 
however, it is to be specially mentioned, that some megacaryocytes and 
megacaryocytic nuclei are found surrounded by platelets, but it is possible, 
that such platelets surrounded by megacaryocytes are seen in somewhat 
smaller quantities than normally. 

Bone marrow punctate rather rick in cells with a considerable lympho- 
cytosis and somewhat reduced erylhropoiesis, but without other certain ab- 
normalities. Harald Gormsen (sig.) 

As the finding for the present is an isolated phenomenon, it 
should not here give any occasion to further comments. It is only 
to be pointed out, that at the afterexamination an anaemia w^as 
really present in both patients, just as they formerly w'ere 
discharged from the department with anaemia, which indicates, 
that the reduced erythropoiesis is a reality. 

On the technique of the prothrombin determination. 

Dam, Larsen and Plum have shown, that the limit of the 
formation of a firm clot is found at a fibrine quantity in the plasma 
of about 0.06 p. c. Larsen and Plum’s modification of Quick’s 
principle of the prothrombin determination w'ill. therefore, 
as emphazised by the author, fail, w'hen a severe fibrinopenia is 
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present. In order to counteract this the prothrombin contents were 
determined at the afterexamination by a modification of Thor- 
darson’s methodic for the prothrombin determination employ- 
able on capillary blood, which is stated in Acta Med. Scand. 115 — 
41 — 13 by P. Plum. 

Tlie principle of this method is, that the clotting time is determined 
for a fibrinogen containing plasma free of prothrombin, which further 
contains kinase and calcium in optimal quantities. This sj^stem coagulates 
at the adding of prothrombin. The peed is only depending on the quantity 
of the prothrombin added. 

The reagents necessary are; 

I. Prothrombin-free plasma, which is obtained in the following way: 
Blood from a normal person is emptied by a venal puncture in the propor- 
tion of 10 mg of kalium-oxalate to 5 cm® of blood. Then centrifuging, 
pipetting off of the plasma and adding 1/10 vol. AL{OH) 3 . Then shaking 
and new centrifuging and pipetting off, after which the prothrombin is 
adsorbed from the plasma, 

II. Kinase solution. 1 kinase tablet (Ido) to 5 cm® of physiological 
saline. 

III. Calcium solution. The concentration of 1.6 p. c, CaCU, 211,0 are 
ascertained by experiments to be the optimal one. 

TV. Oxalate-medinal buffer solution. To the medinal buffer solution 
used by Thordarson (Dissert, p. 75) 0.2 p. c. kalium-oxalate is added. 

Before commencing the execution of the experiment the following 
2 things must be ascertained: 

1. That the prothrombin-free plasma is really free of prothrombin. 

0.1 cm® of prothrombin-free plasma 

1 drop of kinase 

25 mm® of a calcium solution 

Vdien left for 1 hour at least in walerbath at 37° no coagulation must 
appear. 

2. That fibrinogen is present in the prothrombin-free plasma. 

0.1 cm® of prothrombin -free plasma 

1 drop of kinase 

25 mm® of a calcium solution -{- a little hemoclaudcnt 

Must be able to form a pretty clot in waterbath at 37° within a reason- 
able time (about 1 min.) 

The actual test is made in the following way: After a good hyperaemisa- 
tion of the heel (as the actual blood taking is of a decisive importance it 
is better never to use blood from the ear in case of babies) a rather deep 
cutting is made, so that a lively bleeding is obtained. With a special pipette 
0.2 cm® of blood is sucked up and immediately blown into a centrifuging 
glass containing 0.6 cm® of oxalate-medinal buffer solution. Hereb}^ the 
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dilution of 1 : 4 is obtained. From this dilution the dilutions of 1 : 8, 1 : 16 
and 1 : 32 are further made. The dilution is made with oxalate-medinal 
buffer solution. 

Kow the clotting time is determined in the centrifugal glass {double 
determination for each dilution), and into the glass is pipetted off 
0.1 cm^ of prothrombin-free plasma 
1 drop of kinase 
25 cm of a calcium solution 
Mixing and 2 minutes’ preparatory heating at 37° 

0.1 cm^ of the plasma-dilution, the prothrombin concentration of 
which is to be determined, is added (also preparatorily heated for 2 minutes 
at 37°). The glasses are then turned in the waterbath every few seconds 
and the time of the formation of a clot is exactly taken down. 


The calculation is made in the following way: 


Blood dilution 

Clotting time in 

sec. 

The patient's 
contents of pro- 
thrombin in p.c. 
of the normal one 

Normal 

Patient 

1:4 

47 

46 

90 

85 

46 X 100 

54 


45 


80 


85 

1 > 8 

74 

70 

110 

112 

70 X 100 

63 


66 


115 


112 

1 ; 16 

96 

95 

157 

156 

95 X 100 

61 


95 


155 


156 

1 : 32 

165 

155 

330 

332 

155 X 100 

47 


145 

335 

332 


The result 5G p. c. 


Discussion. 

The present observation offers an example of the fact, that a 
typically familiar, essential fibrinopenia (i, e. without any 
detectable liver affection) may be connected with a transitory 
thrombopenia and a rather considerable hypoprothrombinemia, 
which has probably existed for many years. 

As already mentioned in the introduction the combination of 
fibrinopenia and thrombopenia may easily be demonstrated in 
some previous works — also in such cases, where no manifest 
damage to the liver is found (Risak, Macfarlane, Dam, Larsen 
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and Plum). Thus the combination of the absence of prothrombin 
and thrombopenia is as mentioned also a reality, which is verified 
by Hauser and Freudenberg. The connection between the values 
of the blood platelets, the fibrinc and the prothrombin ads itself 
as a natural linic to previous obscr\mtions. 

The formation of the fibrinogen is as a rule put into connection 
with the liver, but on the other hand it is known, that fibrinopenia 
does not appear inevitably in liver-extirpated dogs (Eppinger). 
It is probably the contents of the liver of reticulo-endothelial 
tissue, which plays a role. The genesis of the blood platelets is 
fully mentioned in a previous work (1942) with examining of the 
relevant literature. The conclusion was, that the formation 
is probably made from the reticulo-endothelial apparatus of the 
organism, it was supposed at the transition from the un- 
differentiated mesenchymatous cell to the following links. Of the 
prothrombin it is said, that it is a protein substance of the globulin 
type (Astrup), which is supposed to be formed in the intact liver. 

Modern hematology considers to a higher degree than formerly 
the different changes in the pheripheral blood (i.e, the different 
blood diseases) as different manners of reaction from the very 
same systen; The mesenchymatous, hematopoietic apparatus of 
the organism (Nordcnson). A thrombopenia for inst. never signifies 
an isolated damage to the hematopoiesis and is not a sympthom 
that may stand alone, some basic defect is always hidden behind, 
which may very well also be of interest to the formation of the 
fibrinogen and the prothrombin. 

In other words, a single organ (here the liver) is often VTongly 
placed in the limelight, when really it is a question of an affection 
of a part of this organ, even if it is an integral part of it 
(the reticuloendothelial system). When these facts are taken into 
consideration, the therapeutic results mentioned in the intro- 
duction, by which under K-vitamin treatment they succeeded 
in normalizing the lebeding time and influence the retraction of 
the clotting respectively in cases of thrombopenia are not far so 
incomprehensible as appears at first siglit. By means of the K-vita- 
min treatment there is a possibility of interfering with a mecha- 
nism, the single part of which cannot yet be grasped. 



488 


SVEND HEINILD. 


Summary. 

Of late years it has repeatedly been stated, that the K-vitamin 
treatment has had a certain effect, also in cases of thrombopenia 
and fibrinopenia in spite of the fact, that the thrombopenia and 
the fibrinopenia exist unchanged. 

2 cases are mentioned here of essential, familiar fibrinopenia, 
in the one case the acute, hemorrhagic diathesis is combined with 
a transitory severe thrombopenia, both cases showed a pronounced 
hypothrombinemia existing for months and years. The bone marrow 
examination in the one case gives the clue for a slightly reduced 
erythropoiesis and shows a rather considerable lymphocytic pre- 
ponderance. 

The latent character of the fibrinopenia is emphazised. The 
correlation demonstrated betw'een the values of blood platelets, 
fibrine and prothrombin is a fact supporting a Unitarian genesis, 
probably from the reticulo-endothelial system of the organism, 
and it gives a stimulus to the prothrombin investigations and 
possible therapeutic experiments Avith the K-vitamin also in 
connection with fibrinopenial and thrombopenial -hemorrhagic 
diatheses. 
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Since Fehleisen’s pioneer works it has been generally acknow- 
ledged that erysipelas is due to hemolytic streptococci. But there 
has been a great deal of discussion as to the further qualities of 
these streptococci, and investigations from the past 15 years have 
even unsettled the formerly generally held opinion of the patho- 
genesis of the affection, the idea of an allergic reaction as a decisive 
factor having gained increasing interest. 

The general opinion as to the bacteriological conditions in ery- 
sipelas rests in the main on Fehleisen’s investigations (1882). In 13 
patients, 2 of whom post mortem, Fehleisen was able to demon- 
strate streptococci in or near the margin of the erysipelatous lesion. 
By experiments of isolation he found moreover that this strepto- 
coccus presented quite specific features, and finally he pointed out, 
by experiments on humans, that intradermal injection of strep- 
tococci brought about erysipelas. 

The question of the specificity of the streptococcus erysipelatis 
became subject to animated discussions! But within the past 10 
years or so it has been settled that, by the methods applied so far 
of differentiation of hemolytic streptococci, especially determina- 
tion of groups and types ad modum Lancefield and Griffith, it is 
impossible to distinguish a special streptococcus erysipelatis. On 
the contrary serologically identical strains are often found at widely 
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different diseases, such as scarlatina, puerperal fever, angina, puru- 
lent lesions, and erysipelas. 

Fehleisen’s demonstration of streptococci in the lymphatic 
vessels of the skin in the marginal zone as a constant phenomenon 
in erysipelas seems to be based chieflj' on microscopical investiga- 
tions, as experiments of isolation are described as being difficult. 
But there is found no detailed account of the result for all the pati- 
ents. 

Achalme’s (1892) description of the microscopical finding is in 
conformity vdth the one given by Fehleisen, but besides he gives 
an elaborate account of experiments vdth cultures taken from 
erysipelas patients from vhich he obtained growth in 6 out of 7 
cases. 

Birkhaug (1928) succeeded in isolating hemolytic streptococci 
in more than 90 per cent of tlic investigated cases by taking cul- 
ture from the marginal zone of the affected skin area, whereas he 
got growth only in 45 per cent by taking culture from more centrally 
located areas. The culture was obtained by intradcrmal injection 
and aspiration of physiological salt-water. 

Amoss (1932) on the other hand states that in no case did lie 
succeed in isolating streptococci from erysipelatous lesions if there 
were found no purulent processes or traumatic wounds. But in 
some cases he was able to demonstrate their presence microscopic- 
ally. However, there were found but few bacteria, scattered scan- 
tily in small nests about the tissue. In facial erysipelas he regards 
streptococcal infections of the upper air-passages, specially the 
paranasal sinus to be of vital importance, a view that is shared by 
Keefer & Spinlc (1936), Benzon (1938), and Thomas Anderson 
(1939). 

The incompatible observations made by taking culture from 
the erysipelatous lesion itself in connection with the fact that con- 
stitutional and hormonal factors seem to be of importance has 
brought about that of late years the hypothesis has been advanced 
that the erysipelatous lesion should in an essential degree be con- 
ditioned by a local, allergic reaction on a bacteriological basis 
(Birkhaug, Amoss, Benzon). Birkhaug (1928) showed, by experi- 
ments of inoculation into patients having presented recurrence 
several times, that injection of bacteria-free streptococcus toxin 
could bring about typical erysipelas with the usual localization 
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even iliougli the injection was made in another place. Amoss (1932) 
found in accordance with this that the skin of the affected regions 
was hypersensitive to filtrate from bouillon cultures of strains 
isolated from erysipelas. Here it is worth mentioning that Dochez 
& Stevens (1927) brought about allergy in rabbits by injection of 
filtrate of streptococci erysipclatis. 

Interesting in this connection is the question whether in the 
case of recurrence the same streptococcus type is demonstrable 
at the different attacks. Thomas Andersen declared in 1939 that up 
to that year no investigations had been published with special refe- 
rence to this question. We have not cither in the literature at hand 
found special studies on this problem. 

During our appointment to the Blcgdamshospital we decided 
to make an attempt at contributing to the solution of these ques- 
tions, and we tried, therefore, to isolate streptococci from the infected 
skin area of patients suffering from crj’sipclas. However, in con- 
formity with Amoss’ results the question of obtaining growth from 
these areas caused us very considerable difficulties. 

From Fchlcisen’s and other contemporary works one gets the 
impression that the crj'sipelalous lesion, at least certain parts of it, 
is so infected that in microscopical preparations the streptococci 
arc seen to lie in chains in the subcutaneous tissue. Birkhaug as 
mentioned above claimed to have obtained growth from more 
than 90 per cent of the marginal zones of the examined lesions, and 
from works by Keefer & Spink it appears that these investigators 
were often able to isolate the microbe cither from the lesion or from 
the fauces of erysipelas patients. Unfortunately they staled 
nothing as to how often they found it in one place and how often 
in the other. 

Having arrived at quite different results in attempts of cultiva- 
tion from the affection and more definite as to the occurrence of 
streptococci in the naso-pharynx in cases of erj'sipelas we have 
found it appropriate to present our rather considerable material. 
The isolated strains have been submitted to determinations of types 
and groups at Statens Scruminslitut, Copenhagen, but no other 
bacteriological investigations have been made. We hope that our 
experiences may be of use with regard to the procuration of mate- 
rial for a future, more thorough study of these interesting facts. 
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Own Investigations. 

Our material has been selected from among the patients that 
within the period of 1941 — 1943 were treated in the Blegdamshos- 
pital under a diagnosis of erj'sipelas, whether this was the main 
affection or occured as a complication of another disease, gener- 
ally scarlatina. The above mentioned period is posterior to the one 
from which Flensborg has collected his material, so accordingly 
a brief sur\'ey of the patients will be given here. 

A total of 315 attacks of ery^sipelas were treated within this 
period; a few patients go into the material 2 or 3 times having had 
several attacks within the above space of time. 207 were females, 
108 males, i.e. a ratio of nearly 2 to 1, which corresponds exactly 
to the figures indicated by Flensborg. 

■ 188 times the lesion was found in the face or the capillitium, 127 

times in other places, chiefly on the crus. The sex distribution is for 
facial erysipelas the same as for the entire material (34 per cent 
males), whereas the other localizations show a slightly greater 
majority of females (29 per cent males), which is probably due to 
the fact that females are more often than males affected by vari- 
cose ulcers of the leg. 

The age distribution does not differ from the one known from 
previous investigations. There is a maximum for all localizations 
and for both males and females wuthin the first 3 or 4 years of life, 
after which the disease is comparatively rare for a number of years, 
slightly different for males and females. As for the females the 
frequency increases within the decade of 45 to 55 years of age, and 
considering the magnitude of the age-classes this frequency can 
probably be said to remain unchanged for the rest of life. As 
. regards the m'dles the frequency begins to increase already by 
the age of 35 to remain unchanged after this age. The material 
gives no definite information of the relation between localization 
and sex. There is not, as might perhaps have been expected, found 
a relative increase in the cases of crural erysipelas with advancing 
years. 

As an indeed very rough measure of tlie severity of the disease 
we have chosen the maximal temperature. However, this classi- 
fication applies only to the 205 cases included in the proper mate- 
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rial, 'vs-hicli constitutes the patients from whom it has been'tried to 
isolate hemoljd^ic streptococci. They are distributed as shown in 
table I. 

Table I. 


No fever or the con- 38.0.— 38.9 39.0—39.9 40.0 — 

dition unexplained 

.13 37 85 70 

G.3 % 18.0 % 41.5 % 34.1 % 


We regard the material as one that is quite ordinary for a large 
city with good sanitaiy conditions, and consisting chiefly of light 
and moderately severe cases. This view is supported by the fact 
that the death rate was 9 out of 315 cases, or 2.9 per cent. The 
lethality was slightly greater for crural and corporal erj'sipelas than 
for facial erj'sipclas, viz. 6 out of 127 (4.6 per cent) and 3 out of 
188 (1.6 per cent) respectively. But a review of the causes of death 
sliows that this difference is in all likelihood due to a coincidence in 
the composition of the material. As the 9 deaths give a good illustra- 
tion of the kind of patienLs that succumb to erysipelas a brief 
mention of their diagnoses will be made here. 

Only 1 patient can he said to have died of the lesion, and that was a 40 
year old male suffering from crural erysipelas — sepsis {liemolytic strep- 
tococci) — subfascial phlegmon — myocardiac deg. In all the other cases 
the patients were old or extremely weak patients in whom the erysipelas 
decided the final issue. G females: 1. 52 years of age. Emholy of pulm. 
art. — myocardiac deg. — crural erysipelas. 2. 58 years of age. Art. pulm. 
emholy — myocardiac deg. — adipositas — crural erysipelas. 3. 60 years 
of age. Arterioscl. of coron. art. — myocardiac deg. — pneumonia — facial 
erysipelas. 4. 70 years of age. P 5 'arlhrosis of dxt. cuhitus — chron. poly- 
arthr. — myocard. & renal deg. — facial erysipelas. 5. 79 years of age. 
Myocardiac dog. — hronchopneum. — crural erysipelas. 6. 82 years of 
age. Emholy of pulm. art. — univers. arteriosclerosis — myocardiac fibro- 
sis — crural erysipelas, 2 males; 1. 70 years of ago. Univers. arterioscler. 
— myocardiac fibrosis — cardiac incompensation — crural erysipelas. 
2. 71 years of age. Myocard. deg. — (sclerosis of coron, art.) — broncho- 
pneum. — facial erysipelas. 

The treatment was in practically all cases sulfanilamide or- 
during the latter part of the period sulfatliiazol in the usual doses. 
We have endeavoured to carry out our experiments of isolation as 
early as possible, preferably before the administration of the above- 
mentioned substances, but this has not been practicable in all 
cases. The material shows, however, that this is of no great import- 



494 


ERIK D. BARTERS and KIEES RISK^R. 


ance, as groTsiih of hemolytic streptococci is not rarely obtained at 
least during the whole of the first week after the commencement 
of the treatment, and occasionally even 14 to 16 days after. 

As mentioned above experiments of isolation of bacteria were 
■carried out only on 205 out of the 315 patients. This is due partly 
to accidental circumstances (vacations, oversights etc.), partly 
to the fact that during our Avork Ave took an interest noA\' in one, 
now in another particular problem, AA’hich was then studied in spe- 
cially suited patients, Avhereas others were left out of account during 
such periods. What has been said above of the material as a AA'hole 
applies fully to the 205 patients experimented on. 

The experiments fall in 2 groups; partly AAuth cultures from nose 
and fauces, and partly w'ith cultures from the lesion itself. Each 
group Avill be described separate^. 


1. Cultures from Nose and Fauces. 


These A\’’ere obtained in the usual manner by means of a stick 
AA’ound about with cotton avooI Avhich after haAnngbeen led into the 
nose or rubbed against the posterior AA-all of the fauces AA’as sent to 
Statens Seruminstitut, Copenhagen, Avhere further isolation and 
determination of type Avas undertalren. Cultures were taken partly 
from patients AA'ith facial erysipelas, partly from patients AA'ith 
erural erysipelas. The results are seen in tables II and III. As a 
rule isolation aa’rs only tried once in each patient as early after 
hospitalisation as possible. 


Nose; 

Fauces; 


Table II. 

Facial erysipelas. 

Number _ , . o/ 

of cult. + + 

97 73 24 25% 

117 84 33 28% 


Crural erysipelas. 
Number , , p, 

of cult. 

29 29 0 0% 

29 24 5 15% 


Table III. 

Facial erysipelas. 

Cases in which cultures were taken from nose and fauces. 


Number 97 

Positive in one or in both cases 36 or 37% 


It appears from this table that it is possible to isolate hemolytic 
streptococci either from the nose or the fauces in a little more than 
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% of the patients suffering from facial erysipelas. This is no doubt 
somewhat more often than is seen in a normal material and it must 
be justifiable to presume that there is a connection betw'een the 
finding and the disease of the patient. As to the erysipelas of body 
and extremities the relation cannot be made out on the basis of the 
present material. 15 per cent positive are more than the normal 
material generally contains (various authors: 3 — 10 per cent). ■ But 
the material is so small that such a deviation is very well imagin- 
able without there being necessarily a real difference. Thus we think 
it justifiable to state that in faci:il crj-sipclas the guilty strepto- 
coccus very often is localised in the nose or the pharynx. In crural 
erysipelas, on the other hand, we think it more probable that the 
finding of microbes in these places is due simply to a coincidence 
having nothing to do with tlie actual disease. 

In 8 patients, 7 with facial erysipelas, 1 with crural erysipelas, 
there was occasion to take cultures during 2 or 3 attacks. The 
result is seen in table IV, which shows that in 2 out of the 3 cases 
in which growth was obtained from 2 periods of disease wc had to 
do with the same well-defined strains (A 17 and G IG), w'hile in the 
3rd case the type of the streptococci could not be determined. In 
other words the finding seems to favour the h 590 thesis that in 
cases of recurrence it is generally the same streptococcus strain 
that causes the different attacks. 





Table IV. 



T.or.nlisnlinn 

Attack No. I 

Attack No. II. Attncl; No. HI, 



uosc 

fauces 

nose 

fauces nose fauces 


F.ico. . . . 

— 

— 

— 

— 


elo . , . , 

A 1 

A 1 

— 




do 

— 

— 

— 

— 


(io 

— 

— 

A 17 

A 17 A 17 A 17 


do .... 

G IG 

— 

G IG 

— 


do 

A X 

A X 

A X 

A X 


do 

— 


— 

— - 


Crus .... 

— 

— 

— 

— 





Tabic V. 



Slrcplococcus slrains isolated from the iiosc or the fauces of erysipelas patients: 

Group 

A 

A A 

A A 

A A A 

G 

Type 

1 

G 12 

13 17 (23) 

25 27 X aulo-agglul. 

IG 

Number of 

times 4 

4 1 

1 M 

1 1 IS 2 

3 


^3 — Acta mcd. scandinav. Vol. CKVIII. 
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2. Cultures from ihe Lesion Itself. 

5 different methods were tried. 

A. From wounds in the affection, (Once in each patient). By 
means of a stick wound about with cotton wool possible scabs were 
removed with great care, after which another cotton wool stick 
picked up a little wound secretion. This other stick was placed in 
bouillon at 37° C (98.6° F) for 24 hours, after which some of the 
bouillon was smeared on a blood-agar plate. Next the types of con- 
tingent hemolytic streptococci were determined in Statens Serum- 
institut, Copenhagen. 

The result appears from table VI, The best chance of obtaining 
growth is had if it is possible to point out the original wound and 
talce culture from this place, the chance is but small at varicose 
ulcers of the leg. 

B. Aspiration of bulla fluid and pouring into bouillon was done 
14 times. Often very great amounts of fluid were extracted, but 
in spite of that the tubes remained sterile. 

Table VI. 

Culture from wounds in the lesion. 

Nature of wound. Number. + — Remarks. 

Traumatic 39 11 28 3 of the positive findings originated 

from different wounds in one pt., 2 
from 2 wounds in another pt., and & 
from 6 different pts. 

Varicose ulc. of leg 13 1 12 

C. Culture from abscesses in the lesion was obtained with a cot- 
ton wool stick 7 times, 6 times with a positive result. Culture was 
taken only once from each abscess, so we might possibly have ob- 
tained growth also in the 7th patient, if we had displayed some 
more energy, 

D. Biopsy of tissue taken by means of a cylindric borer % cm 
in diameter. (Once, but often 2 — 3 biopsies in each patient). Ex- 
cept for spraying with chlorethyl no desinfection was made in 
order not to kill possibly present streptococci. Biopsies w'cre 
undertaken partly in the margin of the red zone, partly just out- 
side it, and partly in the zone itself. Some of the pieces of skin ob- 
tained were placed in bouillon, others were comminuted in a mor- 
tar and smeared on blood-agar plates. From five pieces a small. 
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bit Yvas taken for microscopy. \Ye never succeeded in finding bac- 
teria in the sldn preparations thus produced, nor did we find them 
by cultivation in these cases. 

A total of 69 biopsies were made. 4 of these, namely 2 from one 
patient and 1 from each of two others presented growth of hemo- 
tytic streptococci. 

£. Injection of bouillon into the lesion with ensuing aspiration 
and pouring into bouillon was tried 19 times, but it never gave 
growth. 

Thus it appears that in our hands the results of experiments 
with isolation of streptococci direct from the lesion have proved 
extremely poor. Tlie bacteria were seen with comparative certainty 
only in the cases in which there were found abscesses. From the 
injection-aspiration method, recommended by many investigators, 
we have obtained no satisfactory^ results. 

In this connection it maj' be mentioned that biopsy did not in a 
single case give rise to suppuration, and not even to the slightest 
physical discomfort, but the wounds healed up just as in normal 
tissue. 

Tabic VII. 

Streptococcus strains isolated from the erysipelatous lesion. 


Group A A A A A A A not determined 

Type 1 G 17 (23) 25 27 31 x not determined 

Xumher of times G1 1 2122 2 


In a number of cases culture was taken both from the lesion, the 
fauces, and/or the nose. The cases in which grovTh was obtained 
from at least one of these places have been entered in table VIII. 

Table VIII. 

Facial erysipelas. 

Number. Result. 

+ n-ph — locally: 9 

— n-ph 4- locally: 4 

n-ph -f- loc.ally: 2 Both: fauces A x, orbital abscess A 1. 

Crural and corporal erysipelas. 

Number. Result. 

-f n-ph — locally: 1 

— n-ph 4- locally: 3 

-+• n-ph -f locally: 1 Fauces; G IG, ulc. crur. varic: A G. 
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It is seen Hint in llic 3 cases in whicli growth was obtained both 
from the lesion and from the fauces there was not found the same 
streptococcus strain in the 2 regions. In one case we had to do with 
a patient suffering from crural erysipelas, where the relation be- 
tAveen the finding of streptococci in the naso-pharynx and the 
occurrence of erysipelas must, also from other observations, be 
regarded as doubtful. The two cases of facial erysipelas are more 
-difficult to understand because they contrary to our other results 
speak against the hypothesis that the streptococci in the naso- 
pharynx are of importance by this localisation. The explanation is 
perhaps this that by the time of tlie investigation there w;ere or 
had been different streptococcus strains in the fauces, among 
w'hich only one was isolated, and even one, that seems to have been 
of no significance for the onset of the erysipelas. 

In 7 cases the erysipelas was a complication of suppurative 
otitis media. In 4 of the patients hemolytic streptococci w'ere de- 
monstrated, once both in car, nose, and fauces, twdee in car and 
nose, and once only in the ear, always the same type in all regions. 

Table IX. 

Streptococcus strains isol.atcd from erysipelas patients. 

Group ...... AAA A A A A A A A A G 

Type 1 6 8 12 13 17 (23) 25 27 31 x auto-nggl. 16 


Discussion. 

If the result of our experiments of demonstrating streptococci 
in the affected skin area itself is compared with those of earlier 
investigators it appears plainly that the former goes against the 
rather prevalent vieiv that erysipelas is a kind of septic dermatitis. 
As stated above we did not in any one of the 5 patients submitted 
to our investigations succeed in demonstrating streptococci by 
microscopy of skin from the affected region. Culture taken from 
tissue removed for biopsy from the lesion itself gave groivth only in 
4 out of 69 cases, while culture obtained by injection and reaspira- 
tion of bouillon from the ei-ysipelatous lesion or from the bulla 
fluid in the latter; undertalcen 19 and 14 times respectively, never 
gave any growth wdiatever. 

No explanation can be given of the incongruity betiv een Fehlei- 
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sen’s and Birkhaug’s results on one side and ours on the other. 
^Misconceptions at the microscopy are hardly likely to have played 
any part, as Fchleiscn’s obser\’aLions, ■\vhieh have also been corro- 
borated by Robert Koch (1881), seem quite certain according to 
descriptions and accounts, and our preparations have not been dif- 
ficult to conceive. Diffcrenee between the isolation technique 
applied by Birkhaug and the one applied by us is hardly either of 
any great significance. Possibly an exact knowledge of the patients 
submitted to investigation, with regard to the course of the disease 
and to a contingent occurrence of suppurant processes might con- 
tribute to the elucidation. Such information has not been obtain- 
able, however. 

But by taking culture from the naso-pharynx of patients 
suffering from facial crj’sipclas we succeeded in demonstrating 
hemolytic streptococci in 37 per cent of the cases, and bj’’ taking 
culture from traumatic wounds that might be regarded as the 
points of entrj', and from purulent processes in the lesion the micro- 
be was demonstrated in 28 per cent and 8G per cent respectively. 

Thus by way of summing up it must be said that our investiga- 
tions favour the view that the hemolytic strcjitococci in erysipelas 
act primarily as a stirring factor in an allergic reaction, whereas the 
local occurrcucc in the lesion is of inferior significance, as the strep- 
tococci arc cither not found there or present only in very small 
amounts. 'I'hc theory that in the case of recurrence it is the same 
strain that causes the attaclvs is supported by the fact that in 2 
out of the 3 cases in Avhich growth was obtained several times the 
streptococci were of the same type. In the third case the type 
could not be determined. 

Finally our bacteriological investigations have fully borne 
out the view that there is found no demonstrable, specific strep- 
tococcus crj^sipclatis, as by determinations of groups and types it 
appears that the strains isolated by us comprise no less than 11 
different types. (7 from the affection, 10 from the naso-phaiynx). 

It seems expedient on the basis of the reported and produced 
bacteriological investigations to review some descriptions of the 
course of erysipelas, as it might be possible in this way to get an 
explanation of the above-mentioned incompatible bacteriological 
findings. Thus it is of interest to make out whether erysipelas ran 
a more severe course in former days than now, and whether there 
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Avere found proper epidemics or endemics, especially in the hospitals, 
where the disease seems to have been rather dreaded, 

Fehleisen’s material consisted probably of patients that cliiuc- 
ally corresponded essentially to ours, for he emphasized expressly 
the risk of confounding affections as diffuse phlegmons, sepsis, and 
lymphangitis with »pure» erysipelas cases. The case records were 
not reported in detail, however, so a more exact comparison cannot 
be drawn. But from the case records in Achalme’s (1892) great 
work on erysipelas it appears that a number of the patients pre- 
sented a much more severe pathological picture than is now ge- 
nerally seen. This is due partly to the fact that there were several 
very debilc patients, partly to the fact that the material seems 
to have comprised some cases Avith phlegmonous or other severe 
suppurative affections. Billroth (1862) on the other hand pointed 
out tlie relative mild character of the disease in otherwise sound 
individuals. 

To make out Whether a change towards a milder course has 
taken place here in Denmark Wc have made a calculation of the 
cases in the Medical Department of the Kommunehospital, Copen- 
hagen, within the period of 1863—1883 in order thus to have a 
material with which to compare the one described by Sorensen 
from the Blegdamshospital 1884 — 1904 and our own material. 
The result is seen in table X. 


KH Med. Dep, 

Sorensen 

Authors 


Tabic X. 


Entire number 

Average lethality 

1991 

6.28 % 

2955 

9.37 % 

315 

2.9 o/„ 


Variation 
2.0 %— 12.4 % 
4.6 %— 15.6 % 


From this table we may conclude that within these three periods 
the disease must have run practically the same course. If We start 
from the lethality, the latter seems to have remained at fairly the 
same level until about 6 or 7 years ago, after which time it has de- 
creased, surely in consequence of the treatment by chemothera- 
peutics. 


Uie other problem suggesting itself is that of the contsgiosity 
e isease, specially investigations as to the occurrence of proper 
• epidemics or endemics. Descriptions of such are not found in Euro- 
pean hterature mthin the epoche of onr studios, except tor some 
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From the Medical Clinic of Maria Hospital, Helsingfors. 
Head: Prof. Fr, Saltzman, M. D. 


Experiments with injections of stomach extracts 
in pernicious anemia. 

By 

GUIDO TOTTERMAN, M.D., (Helsingfors). 

(Submitted for publication May 9, 1944). 


Introduction. 

Castle’s hypothesis demands, as knowm, a collaboration between 
an endogene ventricle factor and an exogene food factor to cause 
the antipernicious liver factor. His hypothesis is, at the moment, 
the most generally embraced, and the one that seems to explain 
most clear!}' the pathogenesis of the pernicious anemia. There are, 
however, some observations that are somewhat difficult to com- 
bine with Castle’s hypothesis. Muller has, for instance, produced 
preparations effective in pernicious anemia from foetal liver. If 
Castle’s hypothesis is correct there must be a question of a liver 
factor only originating in the mother organism as the foetus has no 
access to extrinsic factor. Tlie excellent antipernicious effect, ob- 
served by some investigators, of preparations from different parts 
of the intestinal canal, seems to be difficult to fit into Castle’s 
scheme at first. Meulengracht has, however, found, that the per- 
nicious factor in the intestinal wall must be taken as a mixture of 
Castle’s two factors or rather as an intermediary' product of them. 
It is more difficult to explain by' the aid of Castle’s hypothesis, 
the splendid results in pernicious anemia with intramuscular inject- 
ions of concentrated gastric juice, which have been obtained by 
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With regard to the surgical erysipelas patients it is seen that 
since 1869 by far the great number of cases developed inside the 
Department (from this time on admission took place only in con- 
sequence of "Wrong diagnosis). Thus contagion from without has 
been of but little significance. Practically all the cases developed 
in connection with an operation. The »epidemicst> of 6 to 8 coinci- 
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XI. 

the Kommuneliospital. 


Medical Departments 

2. + 3. Dep. 

Hospitalized 

Developed in Dep. 

Entire 

0/ 

/o 

Cured 

Dead 

Cured 

Dead 

number 

in Dep. 

13 

1 

0 

0 

14 

0 

Hosp. + developed altog. 74, 7 of 

which died 



39 

3 

0 

0 

mm 

0 

43 Face 38 

6 Face 3 

0 

0 

■■ 

.0 

38 » 32 

1 .) 1 

0 

0 

39 

0 

39 » 32 

1 » 0 

3 Face 3 

4 Face 1 

47 

14.8 

97 » 71 

7 » 6 

7 » 7 

1 » 0 

112 

7.1 

62 I) 34 

0 

14 » 5 

3 » 2 

79 

21.5 

94 » 71 

7 Face 3 

23 » 17 

7 » 4 

113 

26.5 

83 ■ i> 56 

6 » 2 

13 » 7 

4 » 1 

106 

16.0 

70 » 33 

5 )> 3 

6 » 4 

1 » 1 

82 

8.5 

87 » 57 

1 i> 0 

9 » 7 

1 » 1 

98 

10.2 

100 

6 

6 

0 

112 

5.36 

96 

5 

6 5 developed 

0 

107 

5.61 



in pure Dep. 




116 

7 

5 2 developed 

3 from inf. Dep. 

131 

6.1 



in pure Dep. 




114 

4 

7 3 developed 

0 

125 

5.6 



in pure Dep. 




144 

8 

10 5 developed 

1 from pure Dep. 

163 

6.8 



in pure Dep. 




130 

9 

11 7 developed 

1 from inf. Dep. 

151 

7.9 



in pure Dep. 




128 

7 

8 6 developed 

3 2 from pure Dep. 

146 

7.5 



in pure Dep. 




105 

4 

8 5 developed 

2 from inf. Dep. 

119 

8.4 



in pure Dep. 




139 

4 

11 1 developed 

2 Ifrom pure Dep. 

156 

8.3 



in pure Dep. 





dent cases mentioned by various tVriters Were probably caused by 
occasional contamination of instruments With hemolytic strepto- 
cocci. The lethality of the »surgical)> erysipelas was by no means 
particularly great and, as in the forms developed in other Ways, 
exclusively dependent on the general state of health of the 
patient. 
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Thus a comparison bchvccn older and more recent materials 
seems to slio\V tliat in Denmark tlic character of crj'sipclas has 
undergone no change AVithin the past 80 years. Besides, there is 
every indication that the affection is only to an inconsiderable 
extent contagious, and that Fehlciscn’s statement that the lesion 
should swarm with bacteria can hardly bold good as regards the 
majority of the cases. 


Summary. 

It is shown that hemolytic streptococci can be isolated 
from the nose or the fauces in 37 ])cr cent of patients suffering 
from facial crj'sipclas and from the fauces in 15 per cent of patients 
suffering from crural erysipelas. Cultures from traumatic wounds 
or purulent processes in the lesion gave grov/th in 28 per cent and 
86 per cent respectively of the cases submitted to investigation, 
Whereas cultures from pure erysipelatous lesions gave growth only 
in 5.8 per cent at biopsy and 0 per cent at aspiration ad modum 
Birkbaug. In none of 5 cases submitted to investigation did we 
find bacteria by microscopy of tissue removed lor biopsy from the 
affected sldn areas. 

In 2 patients with recurrent facial erysipelas we succeeded With 
certainty in demonstrating that the type of the streptococci in the 
nose and throat Was the same both times, in a third patient the type 
of the strain could not be determined. The total number of isolated 
streptococcus strains comprised 11 different types. (7 from the 
affection itself, 10 from the naso-pharynx). 

A review of the literature and of the annual reports from the 
Kommunehospital, Copenhagen, shows that the character of erysi- 
pelas does not seem to have changed since 1863. Fvwthcr it is 
shown that under civilized conditions tlic contagiosity of the disease 
is very inconsiderable. 
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Wolff, Parkinson and White’s Syndrome. 

By 

VAGN MORTENSEN, A. LEVIN NIELSEN and P. ESKILDSEN. 
(Submitted for publication May 15, 1944). 


In 1930, ^Yolff, Parkinson & White described 11 cases of a 
peculiar electrocardiographic abnormality v/hicli was designated as 
bundle branch block with short PQ interv'al. As subsequently the 
designation bundle branch block has proved misleading, the affec- 
tion is now most commonly^ designated as the WPW syndrome. Tlie 
criteria of the lesion are entirely electrocardiographic and consist in 
an abnormally wide QRS complex at the expense of the P.Q inter- 
val, with QRS being at least 0.1 second, while PQ must be under 
0.12 second in at least 2 leads. The P waves must be normal. 
Patients With this electrocardiographic abnormality show often a 
tendency to paroxysmal tachycardia. The syndrome is found pre- 
dominantly in apparently healthy young persons without other 
signs of cardiac affection, and the prognosis is reckoned to be 
favorable, in class with the prognosis of cardiac neurosis. 

In the literature, about 170 cases of this kind have been de- 
scribed. In Denmark, as early as 1931, Warburg called attention 
to the existence of the syndrome, but so far only 5 cases have 
been described in this country — by Aastrup, Fr. Poulsen, C. U. 
Jessen, and Schierbeck (2 cases). In this paper we shall report 
a together 45 cases from this country, namely: besides Aastrups 
case, who was reexamined, and Poulsen’s case, who has not been 
published before, 43 new cases, 27 of which Were collected on 
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going Lhrougli 6 years’ case records from the Medical Departments 
A and B of the Rigshospital, and 7 years' case records from the 
i\Icdical Out-patient Clinic (respectively 5, 5, and 17 cases). The 
remainder are accidental findings obligingly placed at our disposal 
on application to various colleagues: Warburg (4 cases), Baastrup 
(3 cases), Fr. Poulscn (3 cases), Aaslrup, Brochner-Mortensen, 
Guldagcr, Poul Iverscn, Kuhncl, Kaj Larsen, Schou, and F. Wulff 
(each 1 case). On the background of the hitherto reported 170 cases, 
our material thus looks rather large, and is the largest one reported 
so far from one place. The material has been the subject of thorough 
analysis Ts’ilh a vicT\- to the clinical significance of the WPW syn- 
drome as well as to the electrocardiographic changes — in order, if 
possible, to contribute to the elucidation of the pathogenesis of the 
syndrome. In the present work wc shall deal with the more clinical 
aspects, and in a following paper we shall mention more particular 
electrocardiographic studies and, in this connection, enter into the 
question about the pathogenesis. 

Frequency of the WPW Syndrome. 

The modest number of cases — about 170 — that have been 
mentioned in the entire medical littcraturc in the course of more 
than 10 years, suggests that the MTPW syndrome is a Very rare 
phenomenon. Table 1 shows the statements made by various 

Table 1. 


Frequency of the Syndrome as reported by Various Authors. 


Authors 

No. ot patients 
in starling 
materia] 

No. of these 
patients clectro- 
cardiographecl 

o’ 

5 cn 

i-* 04 

o 
g ' 

o 

Frequency per 
100 patients of 
starting material 

Frequency 
per 100 electro- 
c.ardiographccl 
patients 

H.nrtog 

? 

8000 

2 

7 

0.025 

Pohlmann 

7 

10000 

6 

7 

O.OG 

Hunter, P.ipp & P.arlcinson 

19000 7 

19000 

3 

0.021 7 

0.021 

» » » 

14000 7 

14000 

S 

0.057 7 

0.057 

FranlvC & Vcltcr 

7 

13000 

8 

7 

0.062 

Own material, Dep. A ... . 

5103 

3705 

4 

0.078 

O.IOS 

>1 » 0 B . . . . 

5059 

5059 

4 

0.079 

0.079 

» » Out-pl. Clin, 

243.53 

8410 


0.070 

0.202 
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authors concerning the frequency of the sj'ndrome, and for the sake 
of comparison vfe have entered that part of our material that lends 
itself to calculation of the frequency. 

The Various authors give the frequency per 100 electrocar- 
diographed patients and arrive in this v/ay at rather different re- 
sults — as %vas to be expected. For, no doubt, the extent to which 
electrocardiography is employed in the various medical depart- 
ments is subject to very wide variation. The figures given by 
Hunter, Papp & Parkinson come from the Cardiac Department of 
the London Hospital, where presumably all patients are examined 
by electrocardiography. 

As is evident from Table 1, in the two medical departments of 
the hospital we found the frequency of the WPW syndrome to be 
about 0.08 % of the total number of patients, and in the out-pati- 
ent clinic a frequency of 0.07 %. This means that one instance of 
"WPW syndrome was found in about every 1250 hospitalized pati- 
ents, and one instance in about every 1430 out-patients. The fre- 
quency thus obtained is a minimum, as most of the patients were 
electrocardiographed but once and — as will be pointed out later — 
the appearance of the^^^P^V syndrome is very often intermittent. So 
We are able to establish that in contrast to the previously prevailing 
view, the ^^’p■VV syndrome is by no means a rare phenomenon. 

It is rather interesting that the frequency of the "WPW syn- 
drome per 100 consecutive patients is the same in Deps. A and B 
and in the Out-patient Clinic in spite of the difference in the employ- 
ment of electrocardiography in the three places (respectively 

about 2 /g, all, and about ^/g of the patients electrocardiographed). 

This might indicate that all cases of WPW syndrome are diagnosed 
on electrocardiography of all the patients presenting any suspicion 
of cardiac disease. It is more likely, however, that the frequ- 
ency in the out-patient material really is greater than in the mate- 
rial of Dep. B, as it is reasonable to expect that electrocardio- 
graphy of the remaining ^/g of the out-patients w'ould reVeal seve- 
ral symptom-free cases (see below, under Symptomatology). (But 
such an argument would not apply to Dep. A in relation to Dep. 
B, as the figures are so small that a possible difference may be 
accidental.) Also Hunter, Papp & Parkinson found the frequency 

^ ^ ^ syndrome greater in an ambulant material than in the hos- 
pital material. 
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Even if -we reckon tliat the previous authors cited in Table 1 
had clectrocardiograplied all the patients in their starting material, 
the frequency of the syndrome per 100 consecutive patients in our 
material ■^vill still be considerably greater than reported previously. 

Sex and Age. 

Previously the syndrome "w'as found about twice as often 
in men as in Women. Our material comprises 22 males and 23 fema- 
les, so that in this respect it differs from the ones reported previous- 
ly. The great number of women in our material may be explained 
in part by the circumstance that the out-patients include about 
twice as many women as men. Of 8410 electrocardiographed out- 
patients, 2346 Were men, 5164 women, and among these patients 
6 men and 11 women presented the syndrome, that is a 

respective frequency of 0.185 and 0.213 per 100 electrocardio- 
graphed patients. 6 of the women with the syndrome were refer- 
red to the clinic from the Lying-in Departments and Antenatal 
Clinic of the Bigshospital. Evcrj'thing considered, we have to assert 
tliat our material as far as the frequency of the syndrome is con- 
cerned shows no definite sex difference. 

As to the age of the patients, it is generally stated that the sjm- 
drome is encountered most often in younger people although it is met 
Avith in all age-classes. The youngest patient on record is a child, 
3 weeks old (Nadrai), the oldest a man of 74 years (PVanke & Vetter). 

In our material the youngest patient is 7 years old, the oldest 
74. TJie age distribution is shown in Table 2. In this connection it 
is to be mentioned that the cases in our material come from depart- 
ments to which practically only adults are admitted, a majority 
of them over 30 years old. 

The age recorded in Table 2 is the age at which the lesion was 
first diagnosed electrocardiographically. It will be noticed that 32 
of the patients then were between 11 and 40 years. Most likely 
the affection commences even earlier. In most cases the diagnosis 
Was made accidentally by electrocardiography performed for 
another purpose, while in other cases it was made at a juncture 
when particular conditions — e.gr., pregnancy or change to harder 
work — had provoked or aggravated cardiac symptoms; most 
likely the lesion had been present in a latent form for a number 
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Table 2. 

Age and Sex Distribution of the Writers’ Material. 


Age (years) 

Males 

Females 

Total 

0- 

11- 

10 

1 

0 

1 

-20 

3 

3 

C 

21- 

-30 

6 

10 

10 

31- 

41- 

-40 

7 

3 

10 

-50 

1 

2 

3 

51- 

-GO 

2 

2 

4 

61- 

71- 

-70 

0 

2 

2 

-80 

2 

1 

3 


Total 

22 

23 

45 


of years, at any rate, in several of the cases. Evidence to this effect 
is afforded also by the patients’ complaints of paroxysmal tachy- 
cardia, as it is reasonable to assume that the syndrome has been 
present at least just as long as the patient has been troubled with 
paroxysmal tachycardia. 

Of our 45 patients, 17 gave a history of attacks which from their 
description had to be looked upon as unquestionable paroxysmal 
tachycardia. The average age of this group of patients at the 
1. electrocardiogram showing the WPW syndrome is 38.2 years. 
While the average age at the first attack of paroxysmal tachycar- 
dia is only 22.5 years, so that the lesion may be assumed to haV6 
been undiagnosed on an average-for about 16 years. Of the 17 pati- 
ents with paroxysmal tachycardia, 2 stated this phenomenon had 
commenced at the age, of 0—10 years, 6 at the age of 11—20 years, 
7 at the age of 21—30 years, 1 at the age of 31-40 years, and 1 at 
the age of 41 — 50 years. 

So there can be no doubt that the WPW syndrome makes its 
appearance preferably in’ the younger age-classes. 

WPW Syndrome and Organic Heart Lesion. 

On discussing the cause of the WPW syndrome it is of interest 
to look into the occurrence of other diseases in the past history of 
the patients, especially such affections as are kno’wn often to give 
rise to cardiac complications. In particular, it is important to 
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enquire AVliellicr sucli a lesion occurred in direct connection with 
the appearance oi the \STPW syndrome. 

Tklost of tlic earlier authors thought that the WW syndrome is 
due to a change in vagotonus or a congenital anomaly, Whereas in 
recent years there has been a tendency to associate it with organic, 
acquired, affection of the heart. Hunter, Papp & Parkinson state 
that among the 90 cases of AYPW syndrome published up to 1939, 
IS presented signs of organic heart lesion, but only in 6 of these 
cases was there reason to assume a relation between this and the 
WPW syndrome. Among the 22 cases reported by Hunter, Papp & 
Parkinson (including 3 of Clcrc’s type, with short PQ interv'al and 
normal QRS) 3 presented definite signs of organic heart lesion, all 
rheumatic, and in 2 of these cases the WPW syndrome was diag- 
nosed in immediate connection with an attack of rheumatic fever. 
In o other cases there Was a possibility of organic heart lesion 
(1) hypertension, 2) lobar pneumonia, 3) positive Wassermann, 
4) tliyrotoxicosis, 5) died 1 year later of cardiac insufficiency). Mas- 
ter. Jaffc Sc Dack found the syndrome in a case of thyrotoxicosis, 
an here it disappeared after thyroidectomy. Also 0. Jcrvell and 
Lamb have described the syndrome in cases of thjTotoxico- 
sis, Bain Sc Hamilton found the WPW syndrome in a patient with 
rheumatic carditis without Valvular lesions. Of Hartog’s 4 pati- 
ents one Was suffering from hypertension, one from mitral stenosis. 
V. Zimmermann-Meinzigen found the "WPAY syndrome in endocar- 
ditis lenta. Of Pohhnann’s 3 patients 2 had congenital pulmonan,' 
stenosis, 1 (aged 04 years) hypertroph}' of the left Ventricle. 
V. Gruber encountered the syndrome in severe angina, Billmann in 
acute enteritis. Hamburger in acute infection of the respiratory 
passages (child, 4 Yo years old), Fulchicro and Katz & Kaplan in 
coronary thrombosis, Schicrbeck in tr.aumatic heart lesion. Although 
a number of single cases of Ys’'PW’‘ .syndrome thus have been 
reported in relation to organic heart lesion, no other author has 
yet gone so far as Schubert who found that in nearly all cases the 
synch-omc is due to organic heart lesion, as such an affection — often 
severe — could be demonstrated in 12 of his 17 cases. In another 
respect too Schubert’s material differs from most other materials: 
the majority of his patients arc elderly persons. As We have had 
no opportunity to see Schubert’s electrocardiograms wc shall refrain 
from any criticism of his material. 

-34 — Ada med, scandinav. Vol. CXVIH. 
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Although -vtc think that the WPW syndrome may be acquired, 
it has to be recognized that in most of the above-mentioned cases 
no conclusive proof w'as given of a causal connection between the 
postulated cause and the WPW syndrome. As this syndrome often 
is symptom-free it may Very well have existed prior to the infec- 
tion or other organic lesion which in itself was an indication for 
electrocardiography and thus brought about the diagnosis of the 
^VP^V syndrome. Tliere can liardly be any doubt that the syn- 
drome may be acquired, and rather convincing evidence to this 
effect has been furnished by the cases reported by Machold, Nadrai, 
Franke & Vetter (Case 2) and Ohnell (Case 1, with autopsy). On 
the other hand, Nadrai has also reported another case (of a child S 
Weeks old, with ranula) which indicates rather strongly that the 
AWW syndrome may be congenital. Most likely, then, it may be 
both congenital and acquired. 

Writers' Material 

In Tables 3 and 4 we have recorded a number of cases in Which 
the past history of the patients gives positive data on organic 
diseases that may have played a role in the origin of the MTW 
syndrome. 

From Table 3 it will be noticed that no less than 7 patients,, 
i.e., 15.6 % of our entire material, have had rheumatic feVer and,, 
in addition, 1 has had chorea, while 1 has had erythema nodosum 
(rheumatic?). This great frequency of rheumatic fever in the past 
history of the patients is not due to the circumstance that parti- 
cularly many rheumatic fever patients have been electrocardio- 
graphed. For in all these cases but one (No. 28) the WPW sjm- 
drome was diagnosed at a much later point of time, and here the 
rheumatic fever was no indication for the electrocardiography 
which revealed the WPW syndrome. From Table 3 it is evident, 
however, that in some cases (Nos. 20, 28, 33, 43, and 44) there ap- 
pears to be a certain relation between the rheumatic infection and 
the onset of cardiac symptoms or the diagnosis of the WPW syn- 
drome. In one patient (No. 20) roentgenography during the attack 
of rheumatic fever showed a marked enlargement of the heart; un- 
fortunately the electrocardiogram of this ■ patient has been lost, 
but- according to the description in the case records, it showed 
»no delay in A-V conduction, preponderance of the left side, nega- 
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Table 3. 

Survey of Histories of Palicnis with Reference to a Past History of Other Diseases, 
especiatty Rheumatic Fever. 


Case 

No. 

Disease. Age al onset 

Age at begin, of 
paroxysmal tach. 

Onset of other 
cardiac sym- ' 
ploms 

1. electro- 
cardiography. 
1. diagnosis 
of VVPW. 

20 

Rheumatic lever, 35 
years. 

No tachycardia 

After rheumatic 

fever 

35 years old 
39 f » 

25 

Rheumatic fever, 18 
years. 

Exophthalmic goiter, 
23 years. 

No tachycardia 

After rheum, fev. 

(After exoph- 
thalmic goiter) 

23 f >' 

28 

Rheumatic fever, 7 
years. 

No tachycardia 

0 

7 ft 

30 

Rheumatic fever, 18 
years. 

No tachycardia 

oMany years ago* 

7-1 » K 

32 

Chorea, 10 yeans (Diph- 
theria, 12 years) 

15 years 

0 

C5 1) . 

33 

Rheumatic fever, 9 
years 

M — 15 years 

0 

32 >“ ') 

38 » » 

30 

Rhcilmatic fever fin 
YoUtho 

No tacliycardia 

o2 years agof 

59 » f 

•13 

Rheumatic fever, 13 
yeans 

oFrom hoyhoodf 

0 

39 » » 

•M 

Erythema nodosum 
(rheumatic*?), 30 years 

Immediately 
after cryth. 
nodos. 

Immediately 
after cryth. 
nodos. 

34 i> » 


live Tj, diphasic To and T 3 I) so it may have been WT?W; 4 years 
later llic heart was found to be of nonnal size, and electrocardio- 
graphy showed the presence of the WTW syndrome (Fig. 20). But 
none of the cases furnish any proof that the WPW syndrome is due 
to rheumatic infection, as it may have existed prior to the onset of 
the infection. 

On the other hand, the great frequency of rheumatic fever 
(15.6 %) in this material may be taken as evidence of the causal 
significance of this infection. For the sake of comparison, it may be 
mentioned that in a hospital material of 305 patients with all sorts 
of medical diseases, including heart lesions, only 35 gave a history 
of past or recent rheumatic feVer, i.c., a frequency of 11.4 %. Tliese 
figures arc too small, however, to establish any difference with 
certainty, and the basis for comparison is not quite definite. In 
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this connection it xvill be appropriate to mention too that W'ar- 
burg states tliat ot all young men summoned for military ser\'ice not 
over 5 %, and probably only 2—3 %, have had rheumatic fever. 


Table 4, 

Survey of Histories of Palients with Reference to a Past History of Other Diseases, 
Rheumatic Fever exclusive. 


Case No. 

Disease. Age at 
onset 

Time of begin, of 
paroxysmal tacli. 

Onset of other 
cardiac sym- 
ptoms 

1. electro- 
cardiography. 

1. diagnosis of 
WPW. 

1 

Gonorrhea 6 times, 
last in 1933. 

1933 

0 

1937 

6 

Diphtheria, 23 yrs. 

3 wks. after diphlh. 

0 

3 wks. after 
diphth. 

7 

Recurrent angina 
and tonsillectomy, 
18 years 

Immediately after 
tonsillectomy. 

0 

8 wks. after 
tonsillectomy. 

8 

Severe angina, 

20 years. 

No tachycardia. 

2 months after 
angina. 

2 months after 
.angina. 

9 

Appendectomy, 27 
years. 

Immediately after 
appendectomy. 

0 

24 years after 

appendectomy. 

14 

Recurrent angina 
in childhood. 

About 

7 years old. 

0 

17 years old. 

17 

Exophthalmic goi- 
ter, 26 years. 

No tachycardia 

During exoph- 
thalmic goiter. 

During exoph- 
thalmic goiter. 

18 

Angina and nephri- 

2 months after 

0 

14 years after 


tis, 7 years. 

nephritis. 


nephritis. 

22 

Influenza, 28 years. 

No tachycardia 

2 — 3wcelcs after 
influenza. 

5 months after 
influenza. 

27 

Pneumonia, 39 

Immediately after 

0 

22 years after 


years. 

pneumonia. 


pneUm. 

23 years after 
pneum. 

12 

Diphtheria with 
myocarditis, 9 
years. 

Scarlet fever, 

10 j'ears. 

»Ahout 13 years 
olds. 

sAbout 13 years 
oldi). 

43 years old. 


In Table 4 a number of cases are entered xvhere paroxysmal 
tachycardia or other cardiac symptoms commenced in immediate 
or rather near relation to a lesion that had given rise to myocardi- 
tis. These cases too furnished no conclusive evidence about the 
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origin of the syndrome, •which may haVc been present prior to the 
disease; and the cardiac symptoms, which are largely dependent on 
nervous factors, were perhaps elicited merely through the general 
debility associated with the disease in question. That this view 
deserves consideration is obvious from the fact that also preg- 
nancy and parturition are able to elicit or aggravate paroxysmal 
tachj'cardia as was observed in 8 of our patients (Nos. 3, 5, 6, 8, 
15, 16, 18 and 21). For development of myocarditis proper in 
connection with pregnanej’^ and parturition is a rare phenomenon. 

Particular mention is to be made of Case 22 as here we meet 
with rather definite cAddcnce to the extent that the WPW syn- 
drome may arise on the basis of myocarditis. This was the case of 
a man, 28 years old, who in Februar}^ 1943 had an attack of fever 
for a couple of days, together with headache and nausea; 2 — 3 
weeks later there were marked fatigue, functional dyspnea and 
palpitation of the heart. On roentgenography the heart was found 
to be enlarged and the first electrocardiogram showed the Vv'PW 
syndrome; later tin's syndrome was found to alternate with various 
fonns of disturbances of the auriculovcntricular conduction. 

All told, our material presents such essential evidence of the 
syndrome being able to arise on the basis of acute myocar- 
ditis that We have to look upon this as most probable, without 
denying that the syndrome may be congenital too. Another obser- 
vation which indicates tliat tin's syndrome may be acquired is, that 
in some cases (No. 1, 2, 7, 8) it cannot be demonstrated again on 
reexamination of the patient. But this observation is to be judged 
of only with cautiousness, because the 'Vv’PW syndrome has a pro- 
nounced tendency to intermittent appearance. Observation of the 
material for a longer period may give additional infomiation about 
this point. Considering Table 2, moreover, there can hardly be 
any doubt that the "WPW syndrome disappears in a good many 
patients when they reach a more advanced age. For patients witli 
a “WPW syndrome do not die of this affection and the accumulation 
of cases in the younger age-classes where acute infections are parti- 
cularly frequent, suggests Very strongly that the WP'W syndrome 
may be due to acquired organic heart lesion. 
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WPW Syndrome and Pregnancy and Parturition. 

This question has l)ccn touched on already, but^now it -will be 
dealt AVith more thoroughly. Pines has reported an instance of 
WPW syndrome in a pregnant woman, 21 years old, but, apart 
from this, we have not been able in the literature to find any data 
on the relation betAveen the WPW syndrome and pregnancy or 
parturition. Our material, as mentioned, includes 23 Av^omen, 2 of 
whom (Nos. 13 and 32) have never been pregnant. In 8 cases (Nos. 
2, 9, 12, 17, 30, 36, 38 and 42) no data are available concerning 
pregnancy. In 4 cases (Nos. 25, 26, 27 and 29) data are recorded on 
pregnancy and parturition A\dthout any relation to the ^^P^V 
symdrome. In 8 cases (Nos, 3, 5, 6, 8, 15, 16, 18 and 21) the records 
say that paroxysmal tachycardia arose or AA'as aggravated in con- 
nection AA'ith pregnancy^ or parturition; and in 5 of these cases 
pregnancy or parturition Av'as the occasion for the diagnosis of the 
WPW syndrome. In 2 cases (Nos. 6 and 18) the paroxysmal tachy- 
cardia Avas aggravated markedly during pregnancy, on AVhich 
account induced abortion AA'as recommended. Our material shoAVs 
that only under these circumstances is the ^^PW syndrome to be 
taken as an indication for interruption of pregnancy, as at any rate 
,7 patients have gone through parturition without any' trouble at a 
point of time when presumably' they AA'ere suffering from the WPW 
syndrome. 


WPW Syndrome and Congenital Malformations and Defects. 

in A'icAV of the theory about the WPW syndrome being a con- 
genital anomaly, it is of interest to look into the occurrence of’ 
conpnital malformations in the present material. Altogether, 4 
patients gave positive data on such conditions: pronounced conge- 
nital pes plano-valgus in one case, congenital club-foot in one, con- 
genital hernia in two. Of course, these small figures allov' of no 
conclusion. The frequency of congenital deformity of the foot in 
the total population is about It is someAvhat striking 

that 3 of the present cases come from a hospital for mental diseases 
and Avere diagnosed through the routine electrocardiography pre- 
ceding shock therapy. 
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Complaints. 

5 patients had no cardiac symptoms of any kind (Nos. 4, 28, 
29, 39 and 42), and 10 patients with paroxj'smal tachycardia had 
no cardiac symptoms whatever between the attacks (Nos. 9, 18, 
24, 32, 33, 35, 38, 40, 41 and 43). The remaining patients complain- 
ed of usually mild or moderate cardiac symptoms, namely: mild 
functional dyspnea in 20, palpitation of the heart in 25, slight 
discomfort of other character in the heart region in 11. Further, 
13 complained of nervousness, 11 of tiredness, and 1 of chilliness 
of the hands and feet together with pronounced tendency to sweat- 
ing. In all the cases, then, the cardiac symptoms were of a rela- 
tivelj’ mild character, similar to the ones encountered in cardiac 
neurosis. But the degree in which the patients were disabled was 
highly variable. From the aforementioned cases where the patient 
did not notice his heart at all or was inconvenienced merely during 
attacks of paroxysmal tachycardia there were all sorts of transi- 
tions to cases where the patient actually vas disabled by greatly 
annoying cardiac complaints. Still, most of them attended to their 
dail}" work, often heaN'y manual labor, and others engaged in strenu- 
ous sports without any difficulty. 

In the cases where the patient’s physical capacity was lowered 
essentially, a nervous factor was plainly involved, and the present 
material illustrates strikingly that the degree of disablement w'ith 
this affection is more dependent on the constitution and mental 
habitus of the patient than on the heart lesion in eo ipso. Rather 
pronounced disabilit}’^ Was encountered in 14 cases (Nos. 12, 13, 
18, 20, 21, 22, 30, 31, 32, 35, 36, .37, 38 and 40), but 5 of these pati- 
ents Were elderly (Nos, 30, 32, 36, 39 and 40), and the possibility of 
some other affection (c. g., coronary sclerosis) cannot be excluded as 
a contributor}' cause of the discomfort; in addition, one of these 
patients (No. 12) was also suffering from bronchiectasis, 1 (No. 20) 
had an unquestionable rheumatic heart lesion, 1 (No. 22) presented 
evidence of myocarditis after influenza, and 1 (No. 21) had been 
operated on for exophthalmic goiter. In other cases the disability 
was due to frequent and protracted attacks of paroxysmal tachy- 
cardia (Nos. 13, 18, 31, 32, 35 and 38), 4 patients were recommend- 
ed for invalidity insurance benefit (Nos. 12, 20, 21 and 35), 
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but in 3 of these cases other complicating lesions \\'ere contri- 
butorjf to the disablement. 

Paroxysmal Tachycardia. — Altogether 17 patients (7 w'omen, 
10 men) had attacks which, from their descriptions appear to have 
been typical of paroxysmal tachycardia. In 7 of these cases the 
tachycardia was registered cardiographically and found to he ol 
supraventricular type in eveiy' instance. 7 additional patients had 
attacks which in all probability were paroxysmal tachycardia. 
The frequency of the attacks varied markedly, some patients 
having only a few attacks a year, whereas others had them at inter- 
vals of a few days. Also the duration of the attacks varied greatly, 
from a few minutes to several days; most often they lasted a fe\\ 
hours. In 2 cases the attacks Were obser\'’ed to last 3 — 4 Weeks. 
In 5 cases they were so frequent and protracted as to disable the 
patient considerably. 

In most of the cases the frequency and duration of the attacks 
kept rather unchanged throughout the observation period, whicli 
varies from a few days to 35 years. In a few' cases the attacks 
increased in frequency w'ith advancing age (Nos. 9, 35 and 40); 
in other cases they gradually decreased in frequency — as in Case 
31, besides in cases Nos. 7, 14, 43, in which paro:j^smal tachycar- 
dia occurred respectively for 7, 10 and about 20 years. Where- 
after there w'as no attack in the remaining observation period of 
2, 2 and 10 years, respectively. As mentioned above, the material 
includes some cases in which paroxy'smal tachycardia commenced 
or W'as aggravated during pregnancy or after parturition. In one 
case (No. 16) paroxysmal tachycardia was present for 2 years and 
aggravated during pregnancy, but after the parturition there w'as 
no attack (under observation for 1 % years post partum). 

The attacks w'ere elicited most often by nervous conditions, in 
some cases by physical exertion. In a few cases they Were elicited 
by certain movements. In other cases they commenced without 
any know'n cause. 


Objective Findings. 

Apart from the electrocardiograms, objective signs of heart 
lesion were most scanty. Resting dyspnea and cyanosis were not 
found outside attacks of paroxysmal tachycardia. Enlargement 
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of the heart v,'as found in 2 eases, namely ; in patient No. 38, in v/hom 
parox}'smal tachyeavdia for 3 — 4 YVeeks YVas folloYVed by severe 
cardiac insufficiency "With enlargement of the heart and symptoms 
of stasis, terminating fatally, and in patient No. 40 who had acute 
myocarditis. In a third case (No. 19) enlargement of the heart had 
been demonstrated previouslj^ during an attack of rheumatic fever. 
In the remaining 33 eases in which the size of the heart -was exa- 
mined roentgenographically, it was found to be normal. Faint 
systolic murmurs YVere. heard in 10 cases, spitting of the 2’ sound in 
1 case. The blood pressure was normal in all the patients bv\t 5 
who showed a systolic pressure over 150 mm; and these five pati- 
ents Were all elderly. Symptoms of stasis Were found only in the 
above-mentioned patient No. 38 who died. 

Electrocardiograms. 

A total of about 300 electrocardiograms were taken. Figs. 1 — 45 
show the extremity leads from each case, which w'erc taken simul- 
taneously in Cases 10 — 32, 35, 43 and 45. 

As Yvill he noticed, these electrocardiograms present at any 
rate 3 characteristic types, which We will designate as Types 1, 2 
and 3. The first two arc well-known from previous works. 

Type 1. — This category includes Cases 1, 3, 5, 8, 11, 12, 21, 24, 
30, 31, 32, 37, 40, 42, 43 and 45, which greatly resemble each other, 
and Cases 16, 26 and 29, w'hich deviate a little from the others, 
altogether 19 cases. Characteristic of this fact is a marked left 
'axis deviation in tlic QRS complex: a large R^, a smaller Rg and, 
most often, an So, together YVilh a Very large Sg, Which cither is 
preceded by a verj’^ small Rg or constitutes the onl}'- deflection in 
QRSg (see, for instance. Fig. 24). There may be some difference in 
the mutual proportion of the Waves but in reality the electrocardio- 
grams from these cases are surprisingly alike. As to RS-T and T, 
in 12 cases (Nos. 1, 12, 16, 21, 26, 29, 30, 31, 32, 37, 40 and 42) 
they show similar changes as arc seen in pronounced left axis devia- 
tion, namely: negative (sometimes diphasic) T^ and positive Tg, 
together with a tendency in the RS-T sequence to shift in the same 
direction as the T waves, i.c., low RS-T^ and high RS-Tg. This 
indicates a pronounced delay in the conduction on the left side. 
As emphasized in a preceding paper, however, this does not neces- 
sarily mean an absolute delay in the conduction on the left side 
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blit merely a relative delay in comparison to the right ventricle, 
so that the same electrocardiographic changes presumably may 
arise through an abnormally early activation of the right Ventricle. 
It is to be mentioned too that the changes in RS-T and T encounter- 
ed in Cases 30 and 37 presumably are accentuated by digitalis. 

I 6 cases of Type 1 (Nos. 3, 5, 8 , 24, 43 and 45) is positive 
and Tg negative; in 1 case (No. 11) all three T ^vaves are positive. 

Type 2. — This group comprises Cases 15, 19, 25, 27, 33 and 36, 
0 cases. Characteristic of this type is the pronounced right axis 
deviation in the QRS complex: a large or a totally negative 
W-formed QRS complex in Lead I, besides large Rg and Rj. All 
6 cases show a positive Tj and negative or diphasic Tg and RS-T 3 
has a tendency to follow the T wave so that in Lead I it is a little 
elevated, in Lead III a little depressed. The electrocardiograms 
in these cases are characteristic of a pronounced right conduction 
delay or, in analogy to the preceding, merely a relative delay, so 
that it may mean an abnormally early activation of the left ven- 
tricle. In Case 36, presumably, the changes are accentuated by digi- 
talis. 

Type 3. — This group comprises Cases 9, 13, 14, 18, 28 and 39, 
i.e., 6 cases. Characteristic of this type is that the QRS complex 
is positive in all 3 leads, consisting of a large R wave; and the T 
wave is as a rule positive in all 3 leads (in a few exceptional cases it is 
flat diphasic or negative in Lead III). In Leads II and III the T 
wave in some eases is preceded by a slightly lowered S-T segment. 
In some cases (Nos. 9, 13, 14 and 18) this type deviates but Very 
little from a normal electrocardiogram, the abnormality being 
manifest only in the Very first part of the QRS complex. Pre- 
sumably it is overlooked not infrequently. 

Of the remaining 14 cases 2 (Nos. 7 and 22) present some special 
features. In Case 7 the WPW syndrome is recorded only in 
Lead I; before Leads II and III were taken, the 'WPW syndrome 
was again replaced by a normal rhythm, and hence the type cannot 
be classified. In Case 27 the electrocardiogram differs completely 
from all the other cases, reminding of the records seen in congeni- 
tal heart lesions. This electrocardiogram was found in a case 
o acute myocarditis, alternating with electrocardiograms that 

s owed pronounced disturbances in the auriculoVentricular. con- 
duction. 
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The remaining 12 cases (Nos. 2, 4, 6, 10, 17, 20, 23, 34, 35, 38, 
.41 and 44) fall somewhat outside the three types described. In 4 
of these cases the QRS complex shows a large Qg but is still to be 
reckoned rather as belonging to Type 1, as QRSg approaches the 
totally inverted QRSg seen in some cases of Type I. The other cases 
show no changes in Lead III that arc so pronounced that they may 
be classified after the above-mentioned typing. 

In 28 cases the syndrome was found in all the electro; 

cardiograms taken (apart from the electrocardiograms showing 
paroxysmal tachycardia). It is to be mentioned, however, that in 
7 of these cases only one electrocardiogram was taken. Otherwise, 
from 2 — 19 electrocardiograms w'ere taken in every case in obser- 
vation periods varying from 10 days to 16 years. 

In the remaining 16 cases the WPW syndrome was found to 
Vary with complexes show'ing normal PQ interval. In some cases, 
(for instance, Nos. 13 and 14) the WPW syndrome was alternating 
wath a normal rhythm throughout the obseiwation period. In 
other cases the WPW syndrome wras observed at one juncture or 
other w4iile subsequent electrocardiograms, often several years 
later, show'cd merely a normal rhythm (e.g. Cases 1, 2, 7, 8 and 41). 
Such findings have been emphasized previously as indicating that 
in several cases the WPW syndrome disappears with advancing 
age. Tins is in keeping with the age distribution of the material 
showm in Table 2, and it may be taken to support the view' that the 
'WPyV syndrome often is acquired in connection AVith an attack 
of acute myocarditis in childlmod or youth. 

Course and Prognosis. 

In our material one case terminated fatally; that of patient . 
No. 38, who died after an attack of paroxysmal tachycardia that 
lasted 3 — 4 w'ecks and could not be checked, leading on to pro- 
nounced cardiac insufficiency. Previously this patient had had 
similar and protracted severe attacks with insufficiency, and in 
the intervals she had been feeling perfectly Well. Thus We have to 
reckon with a certain, albeit slight, risk of death in protracted 
attacks of paroxysmal tachycardia, as they result in cardiac insuf- 
ficiency if they persist long enough. Presumably this risk is mini- 
mal however, if all therapeutic remedies are empoyed. Apart from 
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this the prognosis is absolutely good, as the ^^^P^V syndrome pre- 
sumably has no tendency to shorten the life of the patient. 

The discomfort associated with the syndrome is chiefly depen- 
dent on the frequency and duration of the paroxysmal tachycar- 
dia. As to the course of the affection, therefore, it AVill suffice here 
to refer to what is said under the mention of paroxysmal tachy- 
cardia. Patients without paroxysmal tachycardia have no incon- 
venience other than those to which patients with cardiac neuro- 
sis arc liable. It happens but Very' seldom that the lesion gives any 
discomfort in childhood. Most often the discomfort. commences in 
y'onth, but the symptoms may not appear till the third or fourth 
decade, possibly because the disease in these cases has not been 
acquired before. No doubt several patients may' go through We 
without noticing the affection at all. 


Pathogenesis. 

As to the pathogenesis wc will here give merely' a brief sum- 
mary of the more important theories advanced and refer to the 
literature for details (c.y. Schubert and Hunter, Papp & Parkin- 
son). 

1. Increased vagolonns. This is the original theory', advanced 
by Wolff, Parkinson & White; it may’ be said to have been 
discarded. 

2. Kent s bundle. This theory was advanced independently by 
Holzmann & Scherf, and by Wolferth & Wood. It is based on the 
assumption of a congenital anomaly, as, besides the auriculoVentri- 
cular bundle there is said to persist a connection between the right 
atrium and the right Ventricle through wliich the stimulus would 
reach the right Ventricle at an abnormally rapid rate. 

3. Nodal rhythm in connection with disturbance in the conditc- 
lon through the ventricles, which would explain the increase in 
the width QRS (Pezzi, Pines and others). 

4:. Sinus rhythm with interfering extrasysiole (Holzmann & 
c ler V. Gruber and others) and a mocbfication of this theory 
(Hunter, Papp Sc Parkinson). 

»/ «'» Kim-amiculan bundle loselher 
Ihmhibikon ol conrfucKon ihreush me branch o/ the bundle oj 
^is-Taivara (Hrmss & Schutt). 
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Fips. 1 — 15 show a scclioii of an electrocardiogram from each of Ihe 45 eases. 
The dcrlvnlloris from above downwards are l.eads 1, 11 and 111. In Fig, 30 
also a jirccordlal electrocardiogram Is InJccn. 

In Figs. 10 — 32, 35, 43 ami 45 the derivations arc taken simnUancouslj*. 

In Figs. 1 — 9 the time, marker registcr.s 0.04 and 0.20 see.; in Figs.]^10 — 32, 
35 and 40 — 45 the time marker is 0.02 and 0.10 .see.; and in Figs. 33-^4 and 
3C — 39 it Is 0.05 see. 

All the electrocardiograms arc taken with sneh a sensitivity that 1 mV 
~ 10 mm != twice the distance between 2 heavy horizontal lines. 




While the presence of the bundle of Kent is most problematic, 
Ohnell has recently reported a Very interesting finding as m 
a case of WPW syndrome examined post mortem there "ft'as 
found an abnormal conducting bundle, more than % cm long, 
v'hich connected the left atrium and left Ventricle. In another 
case Ohnell found inflammatory changes in the myocardium as 
the cause of the WPW syndrome. Pathogeneticallj’’, Ohnell thinks 
it is a matter of a special typ e of coupled .Ventricular extra- 
systoles. 
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According to our experiences YVe are rather inclined to subscribe 
to a modification of the above-mentioned theory No. 2, as we 
think that its two essential features may be looked upon as esta- 
blished, namely: 1) that it is a matter of a sinus rhythm and 2) an' 
abnormally early activation of one of the Ventricles. On the other 
hand, We find it Very improbable that the WPW syndrome might 
be explained as attributable to such a well-defined congenital ab- 
normal conduction tract as represented by the bundle of Kent,, 
since both the electrocardiographic and the clinical features of the 
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lesion are too polymorphous to make this assumption reasonable. 
It may be that some cases are explainable in this \Vay but in many 
other cases it is presumably a question of an acquired, abnormally 
conducting connection (scar formation after myocarditis or hjemor- 
rhage?) that may be of greatly Varied localization and thus 
rise to considerable variation in the mutual activation of the 
Ventricles and thus in the electrocardiographic picture. ^ 
subsequent paper iVe expect to deal more thoroughly vuth tins 
problem. 
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Summary and Conclusions. 

Tlic prcsenl material compri.ses ^15 cases of Llie \NTPW sjmdrome, 
43 of NVhich have not been published before. The frequency of the 
sj^ndromc is found to l)e considerably greater tlian given before and 
the same for men and women. 

Like previous authors, we find the WTW syndrome, more fre- 
quent in the younger age-classes (up to 40 years), but it may be en- 
countered in all age-classes. 

Preliminary studies indicate that in several cases the syndrome 
subsides with advancing age. The accumulation of cases in younger 
persons, in whom acute infection arc more frequent, suggests that 
the sjmdrome may be due to organic acquired heart lesion. 

A past history of rheumatic fever was found in at least 15.6 % 
36 — Ada mcd. scandinav. Vcl. CXVIll. 
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i>{ >>nr paticnls. This. Int’oUu r with oUkt (lata rocordcd inTnblf ‘^3 

:in<! •{. i< taken to indicate that at any rate in several cases 
sviidroni*' i'- acquired, havin” developed on the basis of inyorarditi'. 

In 8 ca<r> tin’ WPW syndrome was diaonosed, or paroxystnal 
t.' rhvr.irdin had coninunced or was aijqraVated, in connection 
\-rio:nancy and parturition. 

Apoirt frotjt paroxysmal lachycardia, the complaints in d'l' 
:<r.- mih! a.tid of the same character as those encountered m 
p ith nt' v‘it!: cardiac m itros'n;. q'lu- inconvenience associated ’'’•'dh 
t!.i i'- sist'j'ct to v.-ry wide variation, from no compknn- 

'•i - t* V. r to raarla tdy di'-atiliim phenomena, depending on th‘ 
r- r.-titnti’.n aatt m- alat liahttu*- of the patient. 
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Paroxj’smal taclij’cardia occurred presumably in 24 of the 
patients; it was recorded electrocardiograpliically in 7 cases. 

Physical signs of cardiac disease occurred but seldom. The 
heart atos enlarged in 3 patients, while rocntgenographically it was 
found to be normal in 33. Hypertension was ascertained in 5 pati- 
ents who all belonged to the older age-classes. Cardiac insufficiency 
was found only in 1 patient — after an attack of paroxysmal tachy- 
cardia that lasted 3 — ‘1 AVeeks. OthenA’ise physical examination 
rcA''ealed no changes of importance. 

Tlie electrocardiograms A^^ried greatly and shoAv'ed at any rate 
3 AA'ell-characterizcd types: Type 1, Asnlh marked preponderance 
of the left side; Type 2, A\dth marked preponderance of the right 
side; and Type 3, AA'ilh positiA'c QRS complex in all three leads. 
In 16 cases the appearance of the WPW syndrome was intermittent; 
in tlic remainder it AA'as permanent. 
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From the Department of Internal Medicine (Director; Prof. Dr. W. A. 
Kuenen) of the Academical ITospiial, Leyden, the Netherlands. 


A simple method for the determination of the 
amount of liver glycogen in vivo. 

By 

A. J. CH. HAEX. 

(Formerly assistant at the Department of Internal Medicine, noav established 
as inlornisl at Groningen) in cooperation with Miss A. Smit (analyst). 

(Silbmillcd for publication April 28, 194'!). 


Tile praxis of liVor biopsy inaugurated by iversen and Ro- 
liolm (1) has led to a bettor insight in the histological changes 
wliich the liver undergoes under the influence of various diseases. 
It appeared at the same time tliat soon after death important 
alterations take place. 

When the histological assay does not lend to the desired results, 
a biochemical sludj^ of the liver cells will perhaps in the near future 
provide us with the necessary indications regarding the nature of 
the disease. For this reason wc have asked ourselves whether the 
study of these problems too might not be furthered by the intro- 
duction of the praxis of liver biopsy. 

Glycogen, a verj" important constituent of the liver, was the 
first substance which we subjected to a quantitative investigation 

It is Well known that the glycogen content of the liver varies 
greatly, also that during the agony of death and the first hours 
post mortem glycogcnolysis causes a considerable decrease, and 
that values obtained but a few hours after death accordingly are 
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unreliable. Our knoAVledge willi regard to the liver glycogen there- 
fore rests mainly on the quantitative analysis of small portions of 
the liver removed in cases of abdomen operations, and it is not 
impossible that under these circumstances the original Value may 
have been influenced by the narcosis. At any rate, the oppor- 
tunity to determine the amount of liver glycogen in cases in ^vllich 
the influence of disturbing factors might be neglected, was on the 
whole rare, and it is therefore of importance that we have now a 
simple method to obtain liver tissue durante vitae. It is not im- 
possible that in several syndromes some insight may be obtained 
in the quantitative behaviour of this substance on which the atten- 
tion so often has been focussed in this way. 

The greatest difficulty evidently lies in the smallness of the 
available amount ot liver tissue. However, it soon appeared that 
this is not necessarily a serious impediment. 

For the estimation of the amount of glycogen Pfliiger’s method 
was followed. Of this several modifications have been introduced, 
of which Verheugt (2) gives a commendable survey. 

Osterberg (3) described how the glycogen content may be deter- 
mined in veryf small amounts of tissue (efrea 5 mg). The amounts 
available to us, varied between about 10 and 50 mg liver tissue. 
Obviously the determination is the easier the greater the amount 
of tissue. In several instances the size of the aspirate was sufficient 
for a determination in duplo. 


Method. 

The determination rests on the three principles laid down by 
Pfluger, 

1 Destruction of the tissue by alcaly, the glycogen remaining 
unaffected. 

To a glass tube with ground stopper (see figure) 2 cm® of a 30 
per cent KOH solution is transferred by the aid of a pipette; after 
that the tube is Weighed. The liver aspirate is freed, as far as pos- 
sible, from blood, and brought in the tube; then the latter is Weigh- 
ed once more; the amount of liver tissue is found by subtraction. 
If possible, a second tube is used for a determination in duplo. The 
tubes are placed in a hot w'ater bath heated to a temperature of 
100° C, where they are left for two hours; they have to be shaken 



A SU5PLE METJIOD EOIX THE D ETEIIMIA'ATIOA' OF THE AMOUNT ETC. 533 



Fig. 1. 


from time to lime untill the liver tissue is dissolved. The hot water 
bath may be rcj)laccd by a liot air stove heated to the same tem- 
perature. 

2° Precipitation of the glycogen. 

The tubes are cooled, and 8cm^ ofabsolute alcohol added to the 
solution; the concentration of the alcohol decreases in this way to 
80 per cent. After that the liquid is thoroughly stirred with a glass 
rod, which afterwards is washed with a 80 per cent alcohol solution. 

The next day, to separate the precipitate from the liquid, the 
tubes are placed for 10 minutes on a centrifugal apparatus making 
3000 revolutions per minute. After that the precipitate is washed 
three times with 5 cm® of 65 per cent alcohol; each time the mixture 
is thoroughly stirred with a glass rod. Then it is dried on a hot 
water bath. 

3° Hydrolysis of the glycogen in the precipitate to dextrose. 

To this end 4 cm® of a 2.2 per cent HCl solution is added. The 
lubes are now put in the hot water bath, where they are left for two 
or three hours. After the solution has cooled down, it is neutraliz- 
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Determinations made a long time after the adenoma had been 
removed, revealed a normal glycogen value (7.5 g per cent). There- 
fore, if there are indications pointing to this disease, a determina- 
tion of the liver glycogen content may be possible regarded as a 
valuable test for the correctness of the diagnosis. 

We also had an opportunity to determine the glycogen content 
of the liver of one patient suffering from myxedema. The value 
proved to be supranormal. 


Patient 

Glycogen in g 
percent 

B. M. 

M.iAr 

12.36 

— 20 per cent 



To finish this account v'e will mention a few liver glycogen 
values obtained from patients with jaundice. 


Patient 

Diagnosis 

Glycogen in g 
per cent 

Heymansv/d 

Bergh (direct 
reaction) 

D. 

jaundice (due to care, of the head 
of the pancr). (After 3 }4 weejes) 

3.8 —3.6 

SOU 

v.d.H. 

subacute yellow liver atrophy, cause 
unknown; liver aspiration half an hour 
post mortem. 

0.44—0.47 

52 U 

K. 

AVeil’s disease; liver aspiration hall 
an hour post mortem. 

0.53—0.64 

42 U 

.7. 

liver cirrhosis 

5.6 

7 U 


An interesting observation Avas made some time ago. Liver 
aspiration was performed 15 minutes post mortem on a patient 
Avho had suffered from acute yellow liver atrophy and had been 
treated with a dextrose infusion. The glycogen content of the 
aspirate was estimated by the aid of Best’s staining method and 
proved rather large. From this it may be concluded that an impor- 
tant part of the liver cells in the aspirate of this patient must 
have been able to sjmthetize glycogen from the surjrlus dextrose. 
This function, therefore, had not been lost, as is commonly assumed. 
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Miss Cornelia van Bcek had the Idndness to study the liistological 
slides made from all the patients mentioned above. The material 
had heed fixed in 96 per cent alcohol and stained according to 
Best. The observation made by Nielsen, Fopp (5) a.o. that a trained 
eye can estimate the glycogen content in slides, stained in this 
•way -with a fair degree of accuracy, was confirmed. However, 
when the values increased above 4 g per cent, the estimation 
became impossible except e.g. in the slides made from the liver 
of the mj'xedcnia patient, wliich was exceedingly rich in glycogen. 

At a subsequent occasion we hope to deal more extensively with 
the liver glycogen values present in various diseases. 


Conclusion. 

A simple method is indicated for the determination of the glyco- 
gen content of the liver durante vitae. 

Examples are given. 

As normal liver glycogen value 6 to 7 g per cent was found. 
In patients suffering from Morbus Basedowi or hyperthyroidism 
the values are lo-\v. In one myxedema patient a high value was 
found. The glycogen value of a patient who owing to an adenoma 
of the islets of Langerhans, suffered from spontaneous hypoglyce- 
mia, was low. Low values may also be present in patients suffering 
from hepatogenic jaundice, irrespective of the cause. 
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Aus dem Pathologiscli-anatomischen ’ Instilut der Universitat Helsinki. 
Vorstand: Prof. Dr. Amo Saxen. 


Stiidien iiber den Diabetes mellitus in Finnland. 

I. Die makroskopischen Organveranderungen der Diabetiker 
im Lichte des Obduktionsmaterials.^ 

Von 

ILMARI VARTIAINEN. 

(Bsi der Rcdaktioa am 16. Marz 1944 cingegangen). 


Die Zuckerkrankheit liat ihren Ckarakter im Laufe der Zeiten 
erheblich verandert. Obwolil sie schon im Altertum bekannt war, 
war sie damals docli so selten, dass aucb die beruhmten Arzte sie 
nur einige Male gesehen batten. In den letzten Jahrhunderten 
hat im Vorkommen dieser Krankheit eine Zunahme stattgefunden, 
die wahrend der letzten Jahrzchnte z.B. in Amerika so stark 
gewesen ist, dass die. Krankheit im Begriff steht, als Tpdesursaclie 
unter die ersten zu steigen. Die Zunahme ist in den hohen Alters- 
klassen und bei den Frauen am, starksten gewesen. Joslin sagt 
denn auch dass der Diabetes, der eine Kranklieit des mannlichen 
Gesclilechts und der Jungen gewesen ist, sich in eine Kranklieit 
des weiblichen Geschlechts und der Alten umwandelt. 

Im Vorkommen der )>Nebenkrankheiten» des Diabetes haben 
ebenfalls bedeutende Veranderungen stattgefunden. Die Tuber- 
kulose, die im vorigen Jahrhundert als Begleitkranldieit sehr ge- 
wohnlich war, hat ab-, die Arteriosklerose wiederum zugenommen. 

Die in der Behandlung der Zuckerlrrankheit wahrend der bei- 
den vorausgehcnden Jahrzehnte infolge der Entdeckung des Insu- 
lins und der protrahiert wirkenden Insuline eingetretenen Umwal- 


^ Von einem SUpendium des Emil Aalloscn Saatio-Fonds untersliilzl. 
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zungen sind zweifellos ilirerseits danach angetan gewesen, den 
Charakter der Krankheit hochgradig zu beeinflussen. 

Aber nicht nur binsicbtlich der Zeil sondern aiich Iiinsicht- 
licb des. Dries sind im Charakter der Zuclcerkrankiieit grosse Unter- 
schiede wahrzunchmen. Die in irgendcinem Lande in bezug auf 
die Krankheit crw'orbencn Erfahrungen lasscn sich nicht ohne wei- 
teres in einem andern liandc zur Anwendung bringen. 

In den nieisten den Diabetes in den verschieaenen Landern be- 
iiandelnden Publikationen, Statistiken usw. ist Finnland wegen 
mangelnder Angabcn uncrvvahnt geblieben. Heines Erachtens ist 
es w'ichtig, dicsein Dbelstand abzuhellcn. Ich beabsichtige deshalb, 
in\ vorlicgenden die Diabetesfrage in Finnland mit den verfiig- 
baren klitleln von verschiedenen Seiten zn untersnehen. Zuerst 
bchancile ich die pathologischc Anatomic der Krankheit an Hand 
des Obduktionsmaterials. 


i\Iit dem Aufstieg der pathologiscljcn Analomie zn einem tier 
zentralsten Gebiete dor IMedizin in der zweiten Halite des vorigen 
Jahrlumderts, begann man aiich den bei Diabetikerobdnktionen 
gemachlen Beobachtungen mehr als iruher Bcachtung zu schen- 
ken. Schon um die IMitte des Jahrhunderts fingen die Pankreas- 
veranderungen der Diabetiker infolgc der Befunde des hervor- 
ragenden Forschers Bouchardat an, zum Gegenstand des Interesses 
zu ^Yerdcn. Nachdem die Bedcutung des Panlurcas fur die Ent- 
stehung der Krankheit durch die expcrimentellen Arbeiten von 
Herings und Minkowskis nachgewiesen worden’ "war, konnte die 
eifrig belricbenc mikroskopischc Untersuchungsarbeit bald Ver- 
anderungen in den Langerhansschen Inseln aufzeigen. Es seien 
bier nur die Namen Ssobolew und Opie erAvahnt. Ob^\ohI die 
pathologischc Anatomic der Zuckerkrankheit spater wegen der 
gewaltigen Fortschritle in der Therapie dor Krankheit ins Hin- 
tertreffen geraten ist, hat man doch keine Veranlassung, sie zu 
vergessen, denn sie ist vom Standpunkt der Totalitat wchtig fur 
das Verstandnis der Kranldieit. 

Auch beim Untersuchen der »Nebenkrankheiten)> des Diabetes 
kommt der pathologischen Anatomic eine -wichtige Bedeutung zu, 
Man denke nur z.B. an die Erkrankungen der Gallenwege, die 
Arteriosklerose und die Tuberkulose. 
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Joslin unterstreicht in seinem Buch die Wichtigkeit der Diabe- 
tikerobduktionen und halt daftir, dasb solcbe moglichst oft ausge- 
fiibrt werden sollten. 

Meine Absicbt war zu untersuchen, ob bei den Diabetikerobduk- 
tionen Finniands fiir die Zuckerkrankheit spezifische Oder andere 
naakroskopische Organverandeningen vorkommen und in welchem 
Masse. 

Abgeselien von einigen friiheren knrzen Erwahnungen von 
Obduktionsbefunden bei Diabetikern ist das Thernoi in der fin- 
nischen mediziniscben Literatur nicbt eigentlicli beliandelt war- 
den, sodass icb die vorliegende Untersuchung als desto wichtiger 
betrachtet babe. 

In diesem Zusammenhang mochte ich Herrn Prof. Dr. Arno 
Sax6n, dem Vorstand des Pathologisch-anatomiscben Institutes 
der Universitat, naeinen Dank dafiir aussprecben, dass er mir das 
Material zur Verfiigung gestellt und meine Arbeit mit Intcresse 
geleitet hat, sowie Herrn Doz. Dr, JaaWco Tuomincn ffir die Hilfe 
danken, die er mir bei der statistischen Beliancilung des IMaterials 
hat zuteil werden lassen. 

Material. 

Die Diabeliker. Das Material umfasst die Sektionsprotokolle 
der im Verlauf von 50 Jaliren (1894 — 1943) im Pathologisch-anato- 
mischen Institut der Universitat Helsinki obduzierten Diabe- 
tiker (i. J. 1894 war allerdings kein einziger Diabetiker obduziert 
worden). Alles in allem ergeben sich fiir die Diabetiker folgende 


Obduktionszahlen; 

Vor der Insulinara (1895 — 1922) 

Frauen 21 

Planner 50 

Kinder (=20 Jahre und darunter) 10 

Zusammen 81 

Wahrend der Insulinara (1923 — 1943) 

-Frauen 35 

Manner 40 

Kinder (=20 Jahre und darunter) 10 


Zusammen 85 

Das ganze Diabetikermateriai betragt also 166, darunter 146 
Erwachsene. 
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In Abb. 1 und 2 ist die Verlcilung des Materials auf AHcrs- 
gruppen im prainsuliiuircn und im Insulinzeiialter dargestellt. Des 
Vergleicbs halber fubre ich die Verteilung des Obduklionsmateri- 
als des PaUioIogisch-anatomischen Insiituls aul Altersklassen in 
den enlsprccbenden Zcitabschnitten an (dem Insulinzeitalter 
enlspriclit jedocb der Zcilabscbnilt 1923 — 1940). Bein; Vergleicli 
der Abbildungen gewinni man die Auffassung, dass in der Gruppe 
der alten Frauen in der Periode 1923 — 1943 rclativ mehr Diabetes- 
patientinnen obduziert worden sind als in der Periode 1895 — ^1922. 
Ob dies auf die belcannlc Zunahmc des Diabetes ins bcsondcre bei 
alten Frauen bindculct (vgl. z. B. Joslin, -1940), ist schwer mil 
Sicherlieit zu entscheiden. 

Der ubcrwiegcnd grdsste Toil des Obduklionsmaterials v’^om 
Pathologiscli-anatoniiscben Institut stammt aus den Universitats- 
klinikcn von Helsinki, Die Obduktionen sind im allgemeinen 
binnen 1 — 2 Tagcn nach dem Tode ausgefuhrt worden. Vor der 
Obduktion wirdcn die Leicben in cincm kiililen Keller aufbe- 
wabrt (scit 1943 in einem m,it ciner Kublcinricbtung versebenen 
Raum). Nach den Bericbtcn zu scblicsscn sind die Obduktions- 
tradilionen wabrend der ganzen Zeitfolgc in grossen Zugen iinver- 
iindert geblieben. AusgefiibrL wurden die Obduktionen von den 
InstituLslcbrern, baufig mit Unterstutzung der studierenden Kan- 
didaten der Medizin. 

Das verfiigbare Diabetiker-Obduklionsmatcrial ist also niebt 
allzu gross, aber cs ist eben das Material, das benutzt werden 
muss, wenn wir die patbologisclic Anatomic des Diabetes in Finn- 
land wabrend der vergangenen 50 Jabre studieren wollen. Dar- 
iiber binaus sind nambeb Diabetikerobduktionen nur in gcringem 
Umfang in einigen Kjankenbausern ausgefiibrt worden., 

Vergleicben wir wicdcrum die Grossc des Materials mit den 
Matcrialicn auslandiscber Forseber (Tab. Ill), so bemerken wir, 
dass, praktiscb betraebtet, nur die Materialien von Simmonds und 
Warren grosser als das von mir benutzle Material sind. 

Das Vergleichsmaterial. Die friiberen Forseber baben sich im 
allgemeinen mit der Erwabnung des Umstandes begniigt, bei 
wievielcn Obduzicilen (oder in wicviel Prozent) irgendeine Organ- 
veranderung uswl vorgekommen ist, Sie baben offenbar den 
Zweek verfolgt, die Materialien der versebiedenen Forseber auf 
diese Art untereinander vergleicbbar zu macben, Zwischen den ver- 
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TabeUe I. 

Dcr ErnJihningsziistnnd dcr DiabclesfSlIc nach AUorsgruppen. 





A 1 

ter, 

J a h r c 



Zusam- 


1—10 

11—20 

21—30 

31— 

41 — 50 

51—00 

61—70 

71—80 

men 

Sclir fell .... 

m 

B 

B 

B 

1 

2 

B 

2 

51 

Fell 

1 

B 

1 

1 

3 

5 

B 

— 

18> 28 

Ziemlich felt . . 

B 

B 

1 

1 

— 

1 

Bl 

— 

51 

Miltclniassig . . 

B 

Bl 

3 

2 

1 

2 


1 

13 

Zicinlichinngcr 

B 

2 

S 


o 

3 


— 

211 

Magcr 


4 

5 

12 

1 

5 

^B 

1 

33> 87 

Sclir magcr . . 

1 

4 

s 

7 

7 

1 

4 

1 

33) 

Zusamnien 

3 

11 

20 

28 

15 

19 

21 

5 

128 


Tabelle II. 


Dcr Ernahrunf'sziislaiid dcr Kontrollfallc nach AUcrsgruppen. 





A I 

ter. 

J a li r c 



Zusam- 


1—10 

11—20 

21—30 

31 — 10 

41—50 

51—00 

01—70 

71—80 

men 

Sehr fell .... 


. 


1 


1 

1 

__ 

3| 

Fell 

— 

— . 

1 

2 

2 

3 

4 

— 

12 >30 

Ziemlich fell . . 

— 

1 

2 

4 

2 

3 

2 

1 

15 } 

Mitlclmassig . . 

— 

2 

0 

3 

1 

2 

1 

— 

15 

Ziemlich magcr 

1 

2 

7 

6 

2 

5 

1 

— 

24| 

Ufager 

1 

3 

7 

7 

4 

3 

8 

3 

30 >83 

Sehr magcr . . 

1 

3 

3 

5 

4 

2 

4 


23) 

Zusammen 

3 

11 , 

20 

28 

15 

19 

21 

5 

128 


scliiedenen Matenalien bestelicn indessen stets Unlerschiede, z.B. 
in dcr Vcrteilung der Patienten auf die verschicdenen Altersldas- 
sen, ein Umstand, der niclil eininal immcr mitgeteilt ist. Hierzu 
kdnnen nocli \aele andcre Unlerschiede kommen, die man auf den 
crsten Blick gar nicht bemerkt. Ich hielt es deshalb fiir angebracht, 
aus dem Material des Patbologisch-anatomisclien Institutes ein 
Kontrollmaterial auszuwahlen, mit dem ich das Diabetesmate- 
rial vergleichen kdnnte. 

Das Kontrollmaterial wrde so eingesammelt, dass fiir jedes 
Jahr entsprechend jedem Diabetiker eine Person gleichen Ge- 
schlechtcs und Alters ausgeWahlt wurde (in den alteren Alters- 
3C — Acta med. scandinav, VoU CXVIJJ. 
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klassen musste man hicrbei biswcilen cine um cin Jabr altere odor 
jungere Person nehmen). Die Diagnose ^^^lrcIe in diesem Zusam- 
menhang naturlicb nicht beriicksiclitigt, 

Ausserdem las ich in den bctrcffenden Krankenhausern (die 
Diabetiker stammlen in der Hauplsache aus dcr I. und 11. Medi- 
ziniscben Universitalsldinik) die Krankengeschichten eines jeden 
Patienten durcb, was u. a. deswegen iinerlasslich war, um zu sehen, 
welclie von ihnen Komafalle gcwcsen waren, um die Todesursache 
sicherzustellen usw. 

Der ErndhrangszusiaT}d. Allgcmein bekannt ist die grosse Be- 
deutung, die der Feltsucht seit dcr Zeit Allens fiir den Ausbruch 
des Diabetes beigemessen wrd. In den Obduktionsberichten befan- 
den sicli keine Aufzeiclmungen iiber das exakte Gewicht der zu 
Obduzierenden, in den meisten Fallen aber auf das Korpergc- 
wicht hindeutende Bemerkungen (»fcll)>, »ziemlicb fetl» usw.). Ob- 
gleicb es sicb bierbei um eine subjektive Schatzung handclt, ord- 
nete ich die Falle dock aufgrund diescr Vcrmcrke in Gruppen, wo- 
bei icli gleicbzeitig das Alter der Patienten in Betracht zog (Tab. I 
und II). Wie wir aus Tab. I ersclien, war nur ein auffallend klei- 
ner Teil der Diabetiker fett beim Sterben. Ebensowenig bestehen 
in der Verteilung der Gcwiclite zwisciien den Diabetikern und dem 
Kontrollmaterial ncnnenswerlc Unlcrscbiedc; denn von den Dia- 
betikern waren alles in allem 28 fett, 13 mittelmassig und 87 mager, 
wahrend die entsprechendcn Zablen im Kontrollmaterial 30, 15 
und 83 lauten. Audi die Verteilung der Gewichte in den verscbie- 
denen Altersgruppen erbietet keine charaktcristischen Verschie- 
denlieiten zwischen den beiden Materialien. 

Vergleichshalber sei erwabnt, dass von don 40 Fallen Hanse- 
manns (1894) 26 mager, 3 »massig abgemagert)) und 7 fett waren. 
In 4 Fallen fehlt der Vermerk iiber den Ernabrungszustahd. Die 
Zahlen sind also sebr abnlicb wde die von mir oben mitgeteilten. 


Die Pankreasvcrdndeningen. 

Wenn es sich um den Diabetes bandelt, erweckt die patholo- 
giscbe Anatomic des Pankreas besonderes Interesse. 

Die alteren Arzte haben den Diabetes als eine Blut-, Nieren- 
oder Darmkranklieit angesprochcn. ' Im Jahre 1845’ erfasste 
Boucbardat als erster den Zusammenbang des Pankreas mit dieser 
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Krankheit, nachdem er bei mehreren, wenngleich nicht bei alien 
an Diabetikern vorgenommenen Obduktionen eine Pankreas- 
atrophie bemerkt batte. Uni seine Theorie zu beweisen, versuchte 
er experimentelle Pankreasexstirpationen auszufuhren, abet die 
Versuchstiere uberstanden in dem damaligen EnfcAvicklungsstadium 
der Chirurgie keine so grosse Operation. Audi Lancereaux (1877) 
beobaditete in seinen ))diabete-inaigre»-Fallen regelmassig Pan- 
kreasveranderungen. Erst von Mering und Minkowski (1889) ge- 
lang es, bei Hunden durcli die Pankreasexstirpation einen wirk- 
lichen Diabetes hervorzubringen, und sie bewiesen hierdurdi den 
Zusanimenhang zwisclien der Kranklieit und dem, Pankreas. 

Die erste umfangreichere Arbeit fiber die pathologische Ana- 
tomic des Pankreas (liauptsachlidi vom makroskopischen Stand- 
punkt) publizierte Hansemann (1894). Er beschrieb die oGranu- 
laratrophie» des Panlcreas (die spater gewohnlicb als Hansemann- 
sdie Atropliie bezeidmet wurde), bei der das Pankreas in- der Regel 
sdilaff und etwas dunkel gefarbt ist. Das ganze Organ ist ver- 
dfinnt, die Drfisenlappdien sind klein. Das Binde- und das Fett- 
gewebe der Umgebung setzen sich in das Pankreas fort, das hier- 
durdi sdiwer herauszupraparieren ist. Das Stroma erffillt die 
ZAAdschenraume zAiischen den verkleinerten Drfisenlappdien mehr 
Oder weniger genau und entlialt tets an einigen Stellen frischere 
Wudierungen in Gestalt einer zelligen Infiltration. Mit dem pas- 
siven atrophisdien Prozess ist also eine aktive interstitielle Ent- 
zundung verbunden. In stark kadiektischen Zustanden konnte 
das Pankreas audi einigermassen atropliiert sein, aber es war 
dann walzenformig verschmalert. Das Fettgewebe der Umgebung 
war geschwunden, und das Organ liess sicli leiclit lierauspraparie- 
ren. In der Publikation HanSemanns werden die Langerlians- 
sdien (1869) Inseln nidit erwahnt. Er war ja einer der Haupt- 
anhanger der sog. azinaren Theorie, nadi weldier die Kontrolle des 
Kohlenhydratstoffwedisels im Pankreas ausserhalb der Inseln 
lokalisiert ist. 

Um dieselbe Zeit richtete Dieckhoff (1894) als erster seine 
Aufmerksamkeit auf die Veranderungen in den Langerhansschen 
Inseln bei Diabetikern. Warren (1938) halt seine Ergebnisse wegen 
der unentwickelten Farbungsmethoden ffir unsicher. 

Erst die Untersuchungsergebnisse von Ssobolew (1900, 1902) 
und Opie (1901) erwiesen, dass die Inseln in Diabetesf alien selir 
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TabeUe III. 

Das Vorkominen von PantreasverSndernngen in den Materialen der vcrschie- 

denen Antoren. 



Gesamt- 

zahlder 

Falle 

Pan- 

kreas 

normal 

Pankre.asveranderungen 


Jahr Yerfasser 

Atro- 

phie 

Zirrhose 

(Fibrose, 

Indura- 

tion) 

Veriet- 

tung 

Kon- 

kre- 

mente 

JIal. 

Tumor 

Bcmerkungen 

1879 Lapierre 

15 


6 



6 

3 


1SS3 'irmdle.... 

39 

65 

38 

5 

n 

3 

3 

Hamochroma- 

tose 1 

Hamorrhagien 1 

1SS4 Frericbs 


28 

10 



1 

1 

Abszess 1 
Hamorrhag. 
Pankreatit. 1 

1888 Noltenins 

11 

4 


4 


1 



1894 Seegen 

30 


13 

36 


1 

1 



1894 Hansemann.. 

54 

8 

3 


‘Komplizierter 
Fail* 1 

Sonstige 
Vcrander. 15 







1894 Hansemann 









Literatur 

72 


38 

4 



14 

1 

5 


1900 Xaunyn 

1901 ■pTeichselbaum 

40 

20 

4 

2 





u. Stangl 

IS 

1 

17 






1909 Hal&sz 

44 

0 

25 






1910 Weichselbaum 

183 


8 

3 

32 

1 

1 

Eitrige 

Enlzund. 1 
Bronzediabetes 2 

1912 Simmonds 

150 

5S 

45 

12 

32 

B 

■ 


1921 Simmonds 

300 

Die Verhaltnisse •wie im Vorigen 

■ 



1933 Herxheimer . . 

162 

38 


105 


■i 


Unsicbere 19 

1934 Lnndberg . . 

91 


29 

9 



2 


1938 'Warren 

527 

12P 

74 

269 


1 

10 

Pankreatitis ac. 

5 Abszess 4 
Amyloid 2 


- Histoloaisch. 


oft verandert vrarexi. Gleiclizeitig konnten aucli Veranderungen 
ini azinaren GeAvefae vorliegen, aber dieselben konnten auch feblen. 
In den FaBen dagegen, 'wo kein Diabetes bestand, obAvohl das 
Pankreasgevrebe z.B. infolge eines Karzinoms weitgeliend zerstort 
■war, waren die Insein normal. 
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Nachcleiii cine cmsige und mannigfaltige Forscluingsarbcit zur 
Entcleckung des Insulins (Banting und Best, 1922) gefiihrt hatte, 
liatte die Frage nach der Bedeutung des Pankreas fiir den^ Kohlen- 
liydratstoffwechsel ihre grosse Entscheidung gefunden. 

Ober das Vorkommcn von Pankreasveranderungen bei Diabeti- 
kern existiert eine umfangrciche Literatur. In Tab. Ill babe ich 
aus dcm Schrifttum die Angabcn iibcr das Vorkonxmen von Pan- 
Ivreasveranderungen bei Diabetikerobduktionen in den Materia- 
lien der verscbiedcnen Forscber zusammengestellt, Wie man aus 
der Tabelle ersiclit, ist das Pankreas in einem crheblichen Teil der 
Falle als nornaal betracblel wovden. Hautig bat sich das Urteil 
offcnbar nur auf die makroskopiscbc Beobachtung gegriindet. 

Bei dem von nxir bcnutztcn Material war das Hauptaugenmerk 
auf die Grosse, Farbc und Konsistenz des Pankreas sowie auf das 
evcntuelle Vorkommcn einer Zirrhose, Verfettung und maligner 
Tumoren gericlUet wordcn. Mikroskopiscbc Untersuchungen wur- 
den verhaltnismassig wcnig ausgefubrt. 

Das Pankreas gebort zu den Organon, an denen sich die post- 
mortalcn Vcraudevungen am schnellslen bemerkbar machen. Des- 
wegcn und in Anbctracht desscn, dass das Material nicht immer 
gleich lange nach dem Todc obduzicrt worden ist, habe ich gc- 
glaubt, den auf die Farbe und Konsistenz des Organs bcziiglichen 
Ausserungen kein allzu grosses Gcwicht beimessen zu konnen. 

Die Pankrcasalrophie. Das Vorkommcn einer Pankreasatrophie 
beim Diabetes spicgclt sich in den Wagungsresultaten des Organs 
wider. Es ist jedoch zu beachten, dass cine starke Vermehrung. 
des Bindegewebes oder Fettes auch das Gewicht eines atropbischen 
Organs betrachtlich erhohen. 

Hansemann (1894) hielt dafiir, dass das n o r m a 1 c Gewicht 
dcs Pankreas beim Manne ca 100 g betragt und hielt deshalb z.B.. 
ein Pankreas im Gewicht von 70 g schon fur deutlich atrophisch. 
In seiner spatcren Publikation teilt von Hansemann (1912) mit, dass- 
das Normalgewicht der Bauchspeicheldriise zwischen 70 und 180 
g schwankt. 

Nach Dieckhoff (1894) belauft sich das mittlere Gewicht der 
Driise auf 80 g. Bei Halasz (1909) variicren die Gewichtevon 
90 — ^105 g. Vierordt (1906) berechnet, dass die Bauchspeicheldriise 
beim erwachsenen Manne durchschnittlich 0.15 % dcs Korperge- 
wichts ausmacht. 
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tlber das PankreasgeAvicht finden sick in der alteren Literatur 
auch mehrere andere Einzelangaben (vgl. z.B. die von Rossle, 1921 
Roessle 'und Roulet, 1932, Sklawunos, 1922 und Gruber, 1929 
vorgelegten Zusammenfassungen). Dem Altersfaktor hat von den 
fruheren Forscbern Wideroe (1910) Beaclitung geschenkt. dessen 
Ergebnisse aber, wie Rossle (1921) bemerkt, fiir die Jugendjahre 
zu lioch und fur die reifen Jahre zu niedrig sind. 

Rossle (1921) gibt als Durchscbnittsgewicbt des Pankreas bei 
seinem Soldatenmaterial (400 Fade zwischen 18 und 45 Jaliren) 
88 g an. Nachdena er alle protrahierten Krankheitsfalle, bei denen 
man eine durch die Krankheit bedingte Atrophie annehmen konnte; 
sorgfaltig ausgesondert hatte, blieben ibm 79 Falle mit einem 
Durchscbnittsgewicbt von 91.6 g. In derselben Publikation stellt 
Rossle das Material Wilhelm Mullers (352 Obduzierte mann- 
lichen und 282 weiblichen Gescblecbts) dar, aus dem bervorgeht, 
dass das Pankreasgewicbt von Alter und Gescblecbt abhangig 
ist. Es steigt zunacbst steil, spater sanft an und erreicht seinen 
hdchsten Punkt im Alter von 35 Jabren, um von da ab wieder lang- 
sam abzufallen. Zur Beleuchtung der Sache greife ich einige Zahlen 
aus Mullers Material beraus (die Zahlen sind zu vollen Gram- 
men abgerundet): 


Alter 

Pankreasge-wicht 

Manner 

Frauen 

21—25 

70 

59 

26—30 

76 

04 

31—40 

76 

69 

41—50 

72 

67. 

51—60 

67 

59 

61—70 

67 

55 

71—80 

61 

52 


Nach Krieger (1921) bat man als mittleres Gewicht des Pan- 
kreas erwacbsener Manner 97.8 — 99.6 g erhalten. Warren (1938) 
teilt mit, dass die Gewichte zwischen 60 und 160 g variieren und 
das Gewicht durchschnittlich 95 g betragt. 

Von den spateren Forscbern erwahne ich noch Uotila (1942), 
der in seiner kiirzlich erschienenen Untersuchung fiber die 
Organgewchte bei Finnen in bezug auf die Bauchspeicheldrfise 
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zu ahnlichen, wenngleich eWas hoheren Resultaten als die oben 
dargestellten gekommen ist. AJs Pankreasgewicht fur ausge- 
wachsene (25— 50-jalirige) finnische Manner erhielt er durcli- 
sclmittlich 79.7 g und fiir Frauen (20— SO-jalirige) 68.1 g. 

In diesem Zusammenhang sei erwahnt, dass die Bauclispeichel- 
druse nach Krieger (1920) bei der Inanition, Gescbwulstkacliexie 
und Tuberlvulose bis zu einem Drittel Hires Gewclits einbiissen 
kann. 

Gber das Pankreasgewicht bei D i a b e t i k e r n liegen im 
Sclirifttum ebenfalls Angaben vor. 

Von den insgesamt 40 Fallen Hansemanns (1894) A\-urde das 
Pankreas' nur in 9 Fallen gewogen, wobei sicb folgende Gewicbte 
ergaben: 


einmal 

.. 97 

g 

cinmal 

65 

n 

funfmal 

.. 50 

i> 

cinmal 

.. 35 

0 und 

cinmal . , . . 

.. 24 

1> 


Von den 7 Fallen Dieckhoffs (1894) waren nur 2 gewogen 
(30 und 39 g). 

Bei Halasz (1909) scinvankte das Pankreasgewicht von 25 
Diabetikern zwischen 19 und 85 g und von 3 Diabetikern zwischen 
90 und 105 g. Nach ihm ist das Pankreas bei schwerem Diabetes 
und jungen Personen gewohnlich klein, die Halite des )>Normal- 
gewichts)). Das niedrigste Gewicht findet man jedoch bei alten 
Menschen, deren Pankreas zum grossten Teil aus bindegewcbigen 
Strangen besteht. 

In seiner griindlichen Publikation teilt Weichselbaum (1910) 
Angaben fiber 183 Diabetcsfalle mit; das Pankreas war jedoch 
nicht in alien Fallen gewogen worden. Um die Ergebnisse Weichsel- 
baums mit meinen eigenen vergleicben zu konnen^, babe ich 
seine Ergebnisse nach den gleiclien Grundsatzen wie meine eige- 
nen (Tab. rV und V) in Tabellenform (Tab. VI) geordnet. Das 
Maximum der Fade liegt bei seinem Material in der Gewichts- 
gruppe 41—50 g. Weichselbaum macht darauf aufmerksam, dass 
die grossten Gewichtsverminderungen bei Erwachsenen unter 

iper Altersaufbau von Weichselbaums Material ist nicht ganz derselbe 

^ Material, was bei der Anslellung von Vergleicben zu berfick- 
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Tabellc IV. 


Die Vcrteilung der PanJtrcasgcwichtc bei den Diabetikern in den vcrscliiedeiien 

Allersgruppen. 


Pankreas- 



A 

Iter 

J a 

li r e 

« 



gewiclit g 

0—10 

11—20 

21—30 

31—40 

41—50 

51—60 

61—70 

B 


11—20 

1 



1 

1 

H 

1 

B 

■ 

4 

21—30 

— 

1 

7 

1 

B 

1 

1 

B 

11 

31—40 

— 

2 

3 

3 


2 

1 

H 

11 

41—50 

— 

4 

5 

3 

3 

1 

1 

1 

18 

51—60 

— 

1 

1 

2 

1 

4 

3 

2 

14 

61—70 ' 

— 

1 

2 

2 

1 

1 

3 

2 

12 

71—80 

— 

— 

2 

1 

1 

2 

3 


9 

81—90 


— 



1 

— 

1 


3 

91—100 


— 




2 

2 


5 

101—110 


— 

H 

HjB 


o 

o 



111—120 


— 

B 


B 

B 

B 


3 

121—130 

— 

— 

B 




B 


1 

131—140 

— 

— 

B 



1 

B 


2 

141—150 

— 

— 



B 

2 

B 


2 

175 

— 

— 

1 

^91 



B 


1 

Zusamnicn 

1 

9 

24 

14 

7 

18 

17 

6 

96 


50 Jahren beobaclitet warden, indem die GewcJite bei 20 — 40- 
jahrigen am gcwdlinliclistcn unter 45 g betragen. Das niedrigste 
Pankreasgewiclit eines Erwachsencn belief sich auf 28 g (32-jahrige 
Frau mit Pneumonic und Koma). Das hocbste Gewiclit betrug 
155 g. Es bandelte sicli um einen 55-jabrigen Mann mit Abromega- 
liesymptomen, aber olme makroskopische Veranderungen der 
Hj’popliyse. Ein relativ holies Pankreasgewiclit, 125 g, lag in 
einem andern Akromegaliefall, bei einem 26-ialirigen Weibe mit 
malignem Hypophysentumor vor. Bei den iibrigen liolien Pankreas- 
gewicliten bandelte es sich um Lipomatose oder Krebsknoten. 

Auf die niedrigeren Pankreasgewichte jungerer Diabetiker 
weist auch Simmonds (1921) bin. 

Bei 10 jungen Diabetikern von Kraus (1923) schwankte das 
Gewiclit zwischen 19 und 62 g (durchschnittlicli 42 g). Bei 9 Dia- 
betikern im Alter von 49 — 70 Jahren betrugen die Gewichte 45 
115 g (durchschnittlicli 80:3 g). 
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TabeUt V. 


Die Vertcilung der Pankrcasgcwichte bei den KontrolUallen 

dencn Altcrsgruppcn. 


in den vcrscbic- 


Pankreas- 
gewicht g 



A 1 

ter. 

Jab 

r c 

- 


Zusam- 

men- 

0—10 

11—20 

21—30 

31—40 

41—50 

51—60 

01—70 

71—80 

11-— 20 


■ ■ 




— 

— 




21—30 

1 

— 

— 

— 

— 

— 

' 


1 

31 — 10 

— 

1 

— 

— 

— 

— 

— 



1 

♦ 

41 — dO 



3 

4 

3 

— 

— 

1 

■ 

11 

51—60 



— 

— 

— 

1 

3 


2 

8 

61—70 



2 

3 

— 

2 

5 

3 

1 

16 

71—80 



3 

4 

3 

3 

2 

2 

1 

18 ■ 

81—90 

— 

— 


3 

1 

2 

— 

1 

12 

91—100 

— 

— 


2 

— 

1 

4 

— 

9 

101—110 



- 


1 

— 

1 

2 

1 

9 

111—120 

— 

— 

1 

— 

— 

1 

1 

— 

3 

121—130 

— 

— 

1 

— 


__ 

— 

— 

1 

131—140 

— 

— 

— 

— 

— 

1 

2 

— 

3 

141—150 

— 

— 

— 

2 

— 

— 

— 

— 

2 

101— lUvJ 

161—170 


- - 




1 


— 

1 

250 

_ 

— 

— 

— 

— 

1 

— 

— 

1 

Zusammen 

n 

9 

24 

14 

7 

18 

17 

6 

96 


In dem, grossen Material Warrens (1938), wo das Pankreas in 
449 Fallen gewogen war, verleilten sich die Gcwiclitc folgendcr- 
massen; 

In 74 Frdlen dcuUich Idcin, unlcr 50 g 
I) 301 It normal, 50 — 100 g 

» 74 » gross, ftber 100 g. 

Aus Tab. IV erhellt die Verteilung der Pankreasgewiebte bei den 
Diabetikern des vorliegenden Materials in den verschiedenen Alters- 
gruppen. Weil das Pankreas von anderen als Diabctikcrleichen 
in fruheren Jabren oft ungewogen geblieben ist, sind aus dern 
Material auch solcbe Diabetiker ausgesiebt, bei dcren ' Kontroll- 
fallen das Pankreas niebt gewogen worden war. Auf dicse Art 
sind 96 Falle iibrig geblieben. Aus Tab, V ersieht man die ent- 
sprechende Verteilung der Kontrollfalle. 

Wie wir seben, ist die Verteilung in den beiden Tabellen vcrscliie- 
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TabeUe VI. 


Die Vcrleilung der Pankrcasgewiclile bei den Diabetikcrn in den verscliiedenen 
Altcrsgruppen (Weichselbaums Material, das ich bier nach densclben Prinzi- 
pien wie mein eigenes tabcllariscb darstelle). 


Pankrcas- 
gewicbt g 



Alter, 

Jabre 



Zusam- 

men 

1—10 

11—20 

21—30 

31—40 

41—50 


61—70 

71—80 

11—20 

2 

_ 

_ 






2 

21—30 

— 

6 

2 

1 

— 

— 

— 

— 

9 

* 31—40 

— 

7 

2 

6 

2 

3 

— 

— 

20 

41—50 

— 

4 

12 

8 

6 

6 

3 

1 

40 

51—60 

— 

— 

9 

5 

5 

1 

2 

— 

22 

61—70 

— 

1 

2 

6 

6 

9 

9 

1 

34 

71—80 

— 

1 

1 

1 

3 


2 


13 

81—90 

— 

— 

— 

1 

1 


3 

B 

8 

91—100 


— 

1 

1 

1 


2 

B 

6 

101—110 


— 

— 

— 

1 

1 

2 

B 

4 

111—120 



— 

— 

— 

1 

1 

a 

2 

4 

121—130 

— 

— 

1 

— 

— 

2 

H 


3 

131—140 

— 

— 

— 

— 

1 

2 

H 

B 

4 

141—150 

— 

— 

— 

— 

1 

— 

H 

B 

1 

151—160 

— 


— 

— 

— 

1 

B 

B 

2 

Zusamnicn 

2 

19 

30 

29 

28 

34 

24 

6 

172 


den. Das Maxitnum der Falle in der Diabetikertabelle liegt bei 41 — 
50 g, das Maximum des Kontrollmaterials wiederum bei 71 — 80 g. 
Die letzterwahnte Zahl entspricht dem von Uotila (1942) ange- 
gcbenen mittleren PankreasgewicJit (wegen der Kieinheit des 
i\laterials babe icb Manner und Frauen nicbt auf getrennte Ta- 
ijellen verteilt). Bei naherer Betrachtung der Tabellen IV und V 
bemerken wir zudem, wenn vrir nur die Erwacbsenen (21 Jabre 
und dariiber) ins Auge fassen, dass in die GewichtsWassen 40 g 
und darunter insgesamt 22 Diabetiker eingehen, von den Kontroll- 
fallen dagegen kein einziger. Das Pankreas im Gewicht von 250 g 
wurde unter den Kontrollf alien bei einem 52-iahrigen Mann mit 
Hj’popliysentumor und Akromegalie angetroffen. 

Aus Tab. IV erseben wir ferner, dass die maximale Menge der 
Falle bei den Diabetikcrn in den jungeren Altersldassen auf niedri- 
gere Gewicbtsklassen als in den alteren zu entfallen scbeint. Auf 
diesen Umstand bat scbon Weicbselbaum (1910) bingevdesen (vgl. 
Tab. VI). 
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Uni die in den Pankreasgcwchlen bei den piahclikcrn und in 
den Konlrollfallcn herrsebenden TJntcrscliiedc zu veransebau- 
licben, babe ich die in Abb. 3 Aviedergegebenen Kurven gczcidinct. 
Als Absziss'c sind die PankrcasgcAvicbte nnd als Ordinate die dcr 
jeweiligen Gewicblsgruppe cnlsprccbendc Anzabl Fade venvendet 
worden. Bcim Zeiebnen dcr Kurven babe icb ans den Tabellcn W 
nnd V lediglicli die 21-jabrigen nnd altercn Fade licrucksicbtigl. 



10 30 50 70 90 IIJ 130 g 

Pa* 

Abb. 3. VcrtciluiiR tier Pankrcasgcwichlc Erwachseiicr auf venscliiiulue 

Gcwiclilsgnippcn. 

• nauchspclchcltlrfl.scii tier DiabcliUer 

Bjnicbspcichcldrbscn dor KoiilrollfaJle. 

In deni bemitzton Material sind die PankrcaRgciviehlc sehr oft nur 
init. 10 g Geuauigkeit angegebon. Aislatl tier von niir vcnvcndelen Ge- 
wicblsgnifipen 11 — 20, 21 — 30, 31 — 10 g usw. ware os TAveifcllos vicbliger 
gowesen, eino Einloiliingsmethode ?.« gelmnicbon (z. B. 15 — 2-1, 25 — 34, 
35 — 14 g usw.), boi Avelclier der grtis.slo Teil tier Fiille (nandicb allc vollcn 
Zebner) in die Midc jedcrGrupjie gelangl wilren. Dio ersleiwubnle Eiii- 
leilung.snicUiotlc scboinl jedocli adgcnieiner iin nicdizinisobcn Scbrjfltuni 
im Gobniucli zu scin, sodass icb es fiir zwcckiniissigcr gcballcn babe, sic 
beizubelialleii. Bei der Au-sfidtrung von Midclwovlsberocbnnngen Icani 
ich 7.U dom Ergebnis, dnss da.s Zenlrum jedor Gcwicbl sgnippe bci dcr auf 
8 endigenden Gewicbtszabl liegl (also z.B. in der Gruppe 31 — 40 g bei 38 g). 
Deswegen vnirdcn die Ordinntenwerte boini Zeiclnicn dor Kurven in 
Alib. 3 auf den erwalmlcn Aliszissenpunktcn vcrzcicluicl . Zuni Ausgloicb 
der in don Werton der Tabellcn IV nnd V auflrelenden Sebwankungen 
bin icb so vorgegangen, dass als Ordinalcnwcrl in jodom Pnnkle das Mil I cl 
von 3 aufeinanderfolgenden Werlen angenommon vuirde. 
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Aus Abb. 3 erhellt, dass die ansteigenden Teile der beiden Kur- 
ven und andererseits die abfallenden Teile annaliernd parallel ver- 
laufen, wobei die Differenz zwischen den Diabetikern und den Kon- 
trollfallen durclnveg etwa 22 — ^26 g bctragt. 

Wie oben erwahnt, sind in Tab. IV deslialb niclit alle Diabetes- 
falle behandelt worden, weil das Pankreas bei dem entsprechenden 
Kontrollfall nicht gewogen war. Diese Fade belaufen sich alles in 
allem auf 27 (iiber 21-jahrige), deren Pankreasgewichte sich folgen- 
dermassen auf die verscliicdenen Gcwiclitsgruppen verteilen; 


I— 10 

a 

G* ••♦•••• 

1 

Fall 

21—30 

/> 

3 

Fallc 

31—^0 




41—50 

» 

4 

» 

51— GO 

i> 

3 

►> 

Gl— 70 

» 

2 

» 

71—80 

» 

3 


81—90 

J) 

0 


91—100 

» 

1 

Fall 

111—120 

i> 

2 

Falle 

Ml— 150 

d 

1 

Fall 


In 19 ungcwogcnen Fallen ist ausserdem eine Pankreasatrophie 
erwahnt. Von alien crwachsenen Diabetesfallen, in denen das 
Pankreas gewogen war, fand sich in 57 eine Aufzeichnung liber 
Atrophic. Das grdsste Pankreas, das als atrophisch em'ahnt war, 
wog SO g. Hierbei waren die Lobuli kleiner als gewdhnlicli und das 
interstitielle Bindegewebe war vermehrt. Von den gewogenen 
Bauchspeicheldriisen wogen insgesamt 53 Stu6k 50 g und darunter, 
eine Zahl, die der obenerwahnten Zalil 57 ungefahr entspricht. 
In den Kontrollfallen fand sich kein einziges Mai eine Aufzeich- 
nung iiber Atrophic. 

Beim Betrachten der Pankreasgewichte von Diabetikern 
komm,t man auf den Gedankcn, 'wie klein dasselbe bei einem er- 
wachsenen Diabetiker sein kann. In den Materialien der ver- 
sebiedenen Autoren werden folgende Mindestgewichte des Pankreas 
erwahnt: Dieckhoff (1894) 30 g, Weichsclbaum (1910) 28 g, Halasz 
(1909) 19 g und Kraus (1923) 19 g. Ausserdem sind im Schrift- 
tum mehrere Falle beschrieben, in denen das Pankreasgewebe vollig 
Oder beinahe vollstandig verschwunden war. Solche gibt es sowohl 
im Zusammenhang mit Pankreassteinen als ohne diese. Derartige 
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Tabelle VII. 


Envaclisene Diabetiker mil citiem Paakrcasgeyficht von 30 g oder daruntcn 


GescWeclit 

Alter, 

Jahre 

Gcwicht 
dcs Pank- 

reas, g 

Dauer der 
Zuckerkrank- 
heit, Jahre 

Todesursachc 

manul. . . 

21 

30 

3 

Tub. pulm. 

)> 

30 

30 

4 

Coma, Tonsillit. purulenta 

weibl. . . 

23 

30 

7 

Tub. pulin. 

» 

50 

30 

0.3 

Coma 

mannl. . . 

31 

30 

3.5 

Tub. pulm. 

1) 

21 

30 

1 

Coma, out. med. suppurat. 

wcibl. . . 

27 

30 

7 

Coma 

mannl. . . 

27 

28 

1.1 

Coma 

5) 

2-1 

28 

0.15 

Bronchopneumonia 

» . , 

22 

27 

7 

Coma 

ft 

27 

2G.5 

2 

Coma, Bronchopneumonia 

wcibl. . , 

50 

25 

7.5 

Coma, Bronchopneumonia 

ft 

G5 

25 

7 

Bron chopnenm on 1 a 

ft 

2G 

23 

? 

Coma, Bronchopneumonia 

mannl. . . 

38 

20 

3 

Tub. pulm. et reg. var. 

ft 

24 

18 

4 

Nephritis ascend, suppurat. 

wcibl. . . 

55 

15 

. 3.7 

Coma, Pneumonia lobaris 

mannl. . . 

38 

9 

1.4 

Tub. pulm. 


Falle-werclen u. a. von Seegen (1870), Hanseinann (1894), Dieck- 
Jioff (1894), Rosslc (1921) unci Kraus (1929) referiert. 

Weil in das von n;ir benutzte Material zahlreiclic Ideine Bauch- 
speicheldrusen eingingen, gebe ich in Tab. VII cine Zusammen- 
fassung der Falle Avieder, in denen das Pankreasgewiclit bei 21- 
jalmgen oder alteren Pcrsonen 30 g oder darunter betrug. Aus 
der Tabelle ersehen Avir, dass die Todesursacbe bei diesen Patien-. 
ten in 10 Fallen Coma diabeticum, in 5 Fallen Tub. pulmonum und 
in 3 Fallen eine andcre geAvesen ist. Das mittlere Alter scheint 
bei den Frauen (ca 44 Jabre) holier gcAvesen zu sein als bei den 
Mannern (ca 28 Jahre). Beim Verglcicli der in Tab. VII dargeslell- 
ten Falle mit den Obduktionsergebnissen der anderen Diabetiker 
Ac^urde kein gemeinsamer Zug bemerkt, der fur diese Gruppe be- 
sonders charakteristisch gCAvesen AA^are. 

Das niedrigste PankreasgcAvicht bei ErAvaclisenen in den Kon- 
trollfallen betrug 45 g, das ZAc^eimal auftrat, namlicli bei einem 
25-jahrigen Weibe und einem 21-jahrigen Manne. 
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Die Pankreaszirrhosc. Bei einer Vermehrung des Bindegewebes 
wrd das Pankreas derber. Bei einem ganz frischen Obduktions- 
material ist dies vielleicht nicht so augenfallig Aviebei eiaemetwas 
alteren, wo die »derbe Konsistenz eines bereits autolytisch ver- 
anderten Pankreas auf cine starkere Wucherung des Bindegewebes 
mit zieralicber Sicberlieit scbliessen lasst» (iCraus, 1929) k Dem 
Beispiel Herxheimers (1906, 1920) folgend, spricht man meistens 
von einer Pankrea&zirrhose. 

Warren (1938) spricht von einer Fibrose als der einfachsten und 
gewdbnlichsten Pankreasveranderung. Die Bindegewebswuche- 
rung ist in der Hauptsache vom interazinaren Typus. Fine deut- 
liche Bezieliung zwisclien der Schadigung der Inseln und der inter- 
azidinaren Fibrose besteht nicht. Von den 269 Fibrosefallen War- 
rens Avar diese Veranderung in 113 Fallen scliAA'acli, in 116 Fallen 
mittelstark und in 40 Fallen stark ausgepragt. 

In meinem Material linden sich bei Diabetikern auf eine Pan- 
kreaszirrhose hindeutende Vermerke, wie folgt: 


In der Altersgruppe 11 — 20 jahre 

3 mal 

» ft 

ft 

21—30 

ft 

2 

ft 

ft ft 

» 

31—40 

ft 

7 

ft 

ft ft 

ft 

41—50 

ft 

6 

ft 

ft ft 

ft 

51—60 

ft 

4 

ft 

ft ft 

ft 

61—70 

ft 

5 

ft 

ft ft 

ft 

71—80 

ft 

3 

ft 


In dem Kontrollmaterial lagen keine auf eine Zirrhose liindeu- 
tenden Aufzeichnungen vor. 

Die Pankreasverfellung. Bisweilen ist bei alten Diabetikern 
(oft in Verbindung mit einer Vermehrung des Bindegewebes) eine 
'mehr oder weniger starke Fettgewebswucberung zu beobacliten. 
Hierbei kann das Gewicht des Organs natiirlich erhdbt sein. Die 
Verfettung der Baucbspeicbeldruse kann ein Symptom von all- 
gemeiner Fettsucht darstellen. 

In meinem Material AAOirde' eine Verfettung beobachtet, wie 
folgt: 

In der Altersgruppe 51 — 60 Jalire 4 mal 
)) 61—70 » 2 » 

^ Nacli von Hanseniann (1912) hang! die Harte des Pankreas vorwiegcnd 
von seinem Funktionsgrad ab, sodass eine arbeitende Druse hart, eine jm 
Ruhezustand befindliclie weich mit alien 'Clbcrgangsformen ist. 
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In dem Kontrollmaterial v/ird die Verfettung einmal in der 

Altersgruppe 51 — 60 Jahre erwahnt. 

Die Pankreassteinc. Zu den Eigentiimlichkeiten des Pankreas 
gehdrt das Vorkommen von Konkrementen, Sialolithen, was schon 
lange bekannt ist (Graaf, 1667). Die Panlu’eassteine treten oft in 
mehreren Exemplaren in den Ausfulirungsgangen, vorwiegend 
nahe der Duodenalmiindung auf. Sie liegen frei im Lumen oder 
sind an der Wand fixiert. Ihre Grosse variiert von der Grosse eines 
Hanfsanaens bis zu der einer grossen Kirsche. Hirer Form nach sind 
sie kugelig oder ovoid. Die Oberflaclie kann glatt oder rauh, ja 
sogar dendritiscli verzweigt sein. Die Farbe ist weiss, grau oder 
gelblich, selten dunkler. Die Steine entbalten zumeist Kalzium- 
karbonat oder -phosphat, ein Umstand, der es bedingt, dass man 
sie offintravitamauf dem Rdntgenbilde erkennen kann (Lazarus, 
1904, Morrison und Bogan, 1928). Ausserdem kommen u.a. Choles- 
terin und Aminosauren darin vor. Nach Oser (1898) treten Steine 
bei Mannern 4 mal so oft als bei Frauen auf (die Statistik bezieiit 
sich auf nur etwa 30 Fhlle) und nach Lazarus (1904) etwa 5 mal 
so oft (47 Manner, 10 Frauen). Zusammenfassnngen iiber das 
Vorkommen von Pankreassteinen haben Oser (1898), Lazarus 
(1904) und Faust (1935) publiziert, Aus Finnland hat von Bons- 
dorff (1930) einen Fall von Pankreasstein veroffentlicht, Es 
handelte sich um einen OO-iahrigen Mann, der Alkoholiker war. 
Diabetes lag nicht vor. Bei der Obduktion wurden ausser einer 
Leberzirrhose zahlreiche erbsengrosse und kleinere, weisse oder 
gelbliche harte Konkremente im Driisengewebe des Pankreas 
festgestellt. 

Cawley publizierte i.J. 1788 einen Fall, wo das Pankreas eines 
an Diabetes gestorbenen Patienten voller Steine und das Pan- 
kreasgewebe hochgradig verandert war. Die Steine verursachen 
auch dann, wenn sie den Ausf uhrungsgang verstopfen, ein Atropliie- 
ren des Pankreas, das anfanglich vorwiegend das azinare, spater 
auch das insulare Gewebe betrifft. Man erinnere sich in diesem 
Zusammenhang z.B. der Unterbindungsversuche des Ductus 
(Ssobolew, 1900, 1902), bei denen ebenfalls eine Panlmeasatrophie 
erzielt wurde. Die Unterbindungsversuche wiederum brachten 
Banting auf die Idee, zur Herstellung des inneren Pankreassekrets 
eine Driise zu verwenden, in der man das azinare Gewebe zum 
Atrophieren gebracht hatte (Banting und Best, 1922). 
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Anderen Forschern zufolge solltcn die Sleine in erster Linie 
sckundare, auf Enlzundungen des Pankreas zuruclczufuhrende 
Ersclicinungen sein. 

Pankreassteinfalle bci Diabctikern habcn u.a. veroffentliclit; 
von Recklinghausen (1864), Windlc (1883, 3 Falle), Frerichs (1894), 
Noltcnius (1888), Freylian (1893, 2 Falle), Rowland (1893), Fleiner 
(1894), Lichtheim (1894), Naunyn (1900), Weichselbaum (1910), 
Simmonds (1912, 4 Fiillc), Gross (1921), Mockel (1920, 2 Falle), 
Wilder (1926, 3 Falle imtcr 55 Obduktionen), Warren (1938, 3 
Ftille unlcr 527 Obduktionen) und Joslin (1940). 

In den 40 cigencn Fallen Hansemanns (1894) kam kein ein- 
ziger Pankreasstcin vor. Unter den von ihm aus der Literatur lier- 
ausgclesenen 72 Diabctcsfallen dagegen befanden sich voile 14 
Steinfalle. Zusammenfassungen uber das Vorkommen vori Pan- 
krcassteinen bei Diabctikern liaben ausserdem Oscr (1898), Laza- 
rus (1904) und Kraus (1929) mitgeteilt. 

Unler den Diabctesfallen des Verfassers wurde' ein Pankreas- 
steinfall, namlich aus dem Jalire 1911 angctroffcn. Die Patientin 
war einc 32-]'ahrige Kellnerin, die aus Schweden stammtc. Zwei- 
jahrigc Diabetcsanamncse. Hauptsymplome starker Durst und 
AJjmagerung. Etwas Haarausfall und Obelkeit, Exitus im Zu- 
sammenhang mil eincr Er 3 ''sipelasinfektion. Bei der Obduktion 
wurde ein Pankreas im Gewicht von 40 g feslgestellt, dessen Schnitt- 
flache bindegewcbig war. Das Driisengcwebe schien vcrschwunden 
zu sein. Im Inncrn des Pankreas cine grossc Menge verschieden 
grosser, weisser Sleine mil ranker Oberllache. 

Das. Pankreaskarzinom. Im allgemeinen ist man der Ansicht, 
dass das Pankreaskarzinom relativ selten die Ursaclie eines Diabe- 
tes bildet, weil gcwohnlich so viel inlaktes Drusengewebe crhalten 
ist, dass die Insulinsekretion fortdauern kann’^ (K.raus, 1929). So 
wurde ja in den 107 Pankreaskarzinomfallen von Germershausens 
(1904) nur 4 mal Zucker im Harn nachgewiesen. Ob der Urin in 
samtlichen Fallen sorgfaltig untersucht worden ist, geht nicht aus 
seiner Tabellc hervor, in der sich nur einmal der Vermerk»kein!>findet. 

Nach McKittrick und Root (1928) vaederum waren etwa ein 
Drittel aller malignen Tumoren bei Diabctikern Pankreaskarzi- 
nome (Totalanzahl der malignen Falle 37). 

1 Das insulare Gcwcbe kann sich, aucb wenn es von Tumorgewcbe umgeben 
ist, einigermassen inlakt erhalten (Marble, 1940). 
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Bei der Untersuchung von 10,000 Diabetikern land Marble 
(1934) 256 maligne Tumoren, von denen 33 (= 13 %).primare Pan- 
kreaskarzinome waren. Spater bescbreibt Marble (1940) nocb 101 
maligne Tumoren bei Diabetikern, daruntcr 12 (= 12 %) Pan- 
ki'easkarzinome. Bei Nicbt-Diabetikcrn ist die Zahl der Pan- 
kreaskarzinome in den Vereinigten Staaten bedeutend geringer, 
2.5— 4.8 % der anderen Karzinome. 

In Warrens (1938) Material (527 Diabetikcr) gingen 10 Pan- 
kreaskarzinome (=21 % allcr malignen Tumoren) ein. 

Wenn'das Karzinom im Pankreaskopf gelegen ist und den Duc- 
tus verstopft, kann die Folge biervon genau vne in den Stcin- 
fallen und bei den Ligaturfallcn cine Erweitcrung dcs Ductus und 
ein Atrophieren des Pankreasgewebes scin. Falls die Atrophic so 
stark ist, dass sie sick aucb auf die Inseln erstreckt, die resistenter 
Sind, so foigt liieraus ein Dialjetcs. Zivei derartige Fallc bat Burk- 
liardt (1936) publiziert, 

Im Material dcs Yerfassers kam bei Diabetikern zweimal cin 
Panlcreaskarzinom vor. Der cine war cin 29-3ahriger Mann. Weil die 
Krankengeschiebte vcrlorcn gegangen ^var, konntc ich keine 
genaueren Angaben iiber den Vcrlaul seiner Krankbeit bekom- 
men. Bei der Obduktion noirde im Pankreaskopf ein Idnderfaust- 
grosser knolliger Tumor gefundeni dessen Scbnittflacbe von grau- 
weissen, unsebarf begrenzten Massen sowie AVeicben, zerfallendcn, 
blauroten, basclnussgrossqn Bezirken gebildct wurdc. Der Pan- 
kreassebwanz -vs'ar atropbiseb, dcr Ausfubrungsgang auf Finger- 
dickc erweitert. Es bandelte sicb offenbar um cin primares Pan- 
kreaskarzinom, das, im Caput gelegen, den Ductus verstopft 
soAvie dessen Erweiterung und die Pankreasatropbie verursacht 
batte, Der Tumor Avar augenscbeinlicb in diesem Fall an dem 
Diabetes scbuld. Der zAV’^eite Fall betraf einen 48-jabrigen Mann 
mit einjahriger Diabetesanamncsc. Bei der Obduktion Avurde ein 
Pjdoruskarzinom angetroffen, das aucb das Pankreas infiltricrle 
Metastasen fanden sicb zumal in den Lympbdrusen dcs Magens. 

Der erstere der von mir besebriebenen Falle Avar also verMlt- 
nismassig jung, 29 Jabre. Von Germersbausen (1904) bat darau'f 
aufmerlcsam gemaebt, dass das Pankreaskarzinom oft bei sebr jun- 
gen Personen, ja sogar bei Neugeborenen vorkommt. 

In den Kontrollfallen Avurden 6 mal karzinomalose Ycrandcrun- 
gen des Pankreas festgestellt, 

■ 3 ? — Ac{a mcd. scandinav. Vol. CXVJII. 
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Die Syphilis. Friiher ^vu^de allgemein angenommen, dass der Syphi- 
lis als einem atiologischen Faktor des Diabetes mchtige Bedeutung zu- 
kame (vgl. z. B'. Oser, 1898). Auf einen ablelinenden Standpunkt stellte 
sick u.a. Herxheimer (1907). Unter den 300 Diabetesobduktionen Sim- 
monds’ (1921) befanden sich 20 Falle, die eine Syphilis gehabt hatten. 
Die durch die Syphilis bedingten Pankreasveranderun'gen waren jedoch 
offenbar nur in 3 von diesen Fallen an dem Diabetes schuld gewesen. Die 
betreffenden Pankreasdriisen waren atrophisch (26 — 36 g), fibros, mit der 
Umgebung verwachsen und TOesen nur Reste von Drtisengewehe auf. 
Warren (1938) ist ebenfalls der Meinung, dass die syphilitischen Verander- 
ungen des Pankreas nur selten die Ursache eines Diabetes bilden. 

In dem Material des Verfassers war eine Syphilis bei 5 Diabetikern 
klinisch, serologisch oder gelegentlich der Obduktion konstatiert worden. 
In keinem einzigen Fall lagen auf die Syphilis hindeutende spezifische 
Veranderungen im Pankreas vor. 

Unter den Kontrollfallen belief sich die Zahl der Syphilitiker auf 7. 

Die Arteriosklerose des Pankreas. In Warrens (1938) Fallen hestand 
nur bei 5 % eine starke Sklerose der Pankreasgefasse, sodass man dieselbe 
wohl nicht als allzu wichtiges atiologisches Moment betrachten kann, ob- 
wohl sich ihre Bedeutung andererseits nicht vollig bestreiten lasst. Nach 
Umber (1939) kann die Sklerose der Pankreasgefasse den Ausbruch eines 
Diabetes veranlassen, wenn es sich um erbbedingte Minderwertigkeit des 
Inselapparates handelt. 

In dem von mir untersuchten Material ist dem eventuellen Vorkom- 
men einer Arteriosklerose in den Pankreasgefassen keine Beachtung ge- 
schenkt worden. 

Sonstige Pankreasveranderungen. Die Tuberkulose im Pan- 
kreas ist nach Kaufmann (1931) selten; man hat die Driise sogar fur immun 
gegen Tuberkulose gehalten. Man kann indessen miliare Tuberkel im 
Pankreas beobachten, deren Folge ein Diabetes sein kann. ICraus (1929^ 
halt das Vorkommen von Tuberkulose als Ursache eines Diabetes fiir 


fraglich. 

In das von mir benuizte Material ging ein 16-jahriger Jiingling mit 
Pankreastuberkulose ein. Der Patient hatte 8 Monate an Miidigkeit und 
Ubelkeit gelitten. Spiiter stellten sich Stiche in der Brust, Bfusten, bluti- 
ger Ausnmrf und Schweisse ein. Schliesslich kontinuierlicher Burchfall 
und rasche Verschlechterung. Im ICrankenhaus wurde Zucker im Harn 
nachgewiesen. Die Diabetesdiagnose war nicht ganz sicher. Bei der 
Obduktion Avurden Lungentuberkulose III. Grades, tuberkulose Ge- 
schwiire im Larynx und Darm sowie Miliartuberkel der Pia mater fest- 
gestellt. Der Kopfteil des Pankreas vw schlaffer, seine Venen erweitert 
und das Parenchym stellenweise mit Blut imbibiert. Stellenweise- 
blaulichweisse miliare Eruptionen. Pankreas sonst normal. 

Die akute Pankreatitis kann zu einem Diabetes Anlass geben,. 


wenn ein geniigend grosser Teil des Pankreasgewebes zerstort ist. In 5. 
von den Fallen Warrens (1938) lag dem Diabetes eine akute Pankreati- 
tis zugrunde. In meinem Material befand sich ein 6S-jahriger Mann, der 
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an akiiter Panki'eaiitis gestorben war. Im Ivrankenbaus batle man Zucker 

im Harn festgeslellt. , ^ , 

Ebenso kann ein hinreichcnd grosses Trauma, das Paukreaspivebe 
zerstdrt, einen Diabetes verursaclien. Derarligc Falle ivaren uichi in mei- 
nem Material entbalien. 

Ferner ist bekannt, dass in H a m o c h r o m a I o s e f a 1 1 e n, die 
scbon von Hanot und Chauffard (1882) bescbrieben wrden, ein Diabetes 
vorkommen kann (sBronzediabeles*). Charaklerislisch lurdiese ICrank- 
heit sind die Veranderungen in der Leber, im Pankreas und in andercn Orga- 
nen sowie das Auftreten von eiscnlialligem Pigment, Hamosiderin, In den 
484 Fallen Warrens (1938) kam Hamocbromalosis 9 mal zusammen mil 
Diabetes vor. Im Jlaterial des Verfassers gab es keine solcben Falle. 


Sonsiigc Organvcrdndcningcn. 

Die Hijpophijsc. Die grosse Bedeuiung dcr Hypophysisdriisc 
beim Diabetes habcn vor allcm Hotissay (1930) und Young 
(1937) nacbgeiviesen. 

Kraus (1923) stelltc fesl, dass die Hypopbysc bei Diabeti- 
kern leicliter als im Mittel ist. Insbesondere ist dies bei jungen 
Diabetikern und solchen mittleren Alters zii beobaclden. 

Nacb Warren (1938) sind an der Hypopbyse bei Diabetikern 
keine bedeutcnden, konstant auftretendon Ycrandcningcn ivnbrzii- 
nchmen. 

In dem Material des Verfassers war die Hypopliysc nur aus- 
nahmsweise gewogen odor andcrivoitig crivahnt tvorden, sodass 
in diesem Zusammenbang nicbls daruber anszusagen ist. 

Die Ncbcnnicrcn. Kraus (1923) slclllcfest, dass das Gcividitder 
Nebenniercn bei jungen Diabetikern niedriger als da.s norniale 
ivar. In den nieistcn Fallen spiciten alropbiscbc und degenerative 
Prozesse zumal im RindcnparenchjTn. Bei alien Diabetikern bin- 
gegen ivar das Gewicbl dcr Kcbennicren erlioht und sic ivaren 
lipoidreicb. Yon den Fallen ^Ya^rcns (1938) lagen nur in einein 
bedeutende Nebcnniercnvcrantlcnmgen vor. Er ist auch dcr Mei- 
nung, dass den Nebenniercn kein wiebtiger Anteil am mcnscblichcn 
Diabetes zukommt. Auf die Unlcrsucliungen \Varrcns ist ivegcn 
seines grossen Materials Wcrl zii Jegen. 

In dem, Material des Verfassers ivarcn die Ncbcnuicren bei Dia- 
betikeni 66 mal und in den Kontrollfallen 79 mal gcivogcn ivor- 
den. Als das Material nach dem Alter und dem Ncbonnierengcviclit 
cingeteilt wurclc, liem.erkte man, dass die maximalc Anzabl dcr 
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FalJe sowohl bei den Zuckericranken (13 Falle) aJs bei den Kon- 
troUf alien (22 Falle) auf die Gewichtsgruppe 15 — ^16 g entfiel. Nacli 
Uotila (1942) scliwankt das Gewicht der Nebcnnieren bei envach- 
senen Finnen zwiscben etwa 14 und 15 g. 

Irgendein charakteristischer Unterschied zwischen den Ge- 
wichten der Diabetes- und der Kontrollfalle %vurdenichtbeobachtet. 
In der Gruppe der Zuckerkranken Avurde auch kein charakteris- 
tischer Unterschied zAvischen den 21 — 40-jahrigen einerseits und 
den 41-]ahrigen und alteren Patienten andererseits wahrgenom- 
men. Was die sonstigen Benrerkungen uber die Nebennieren ausser 
den Gewichtsvermerken betrifft, so konnten aufgrund derselben 
keine Schlusslolgerungen gezogen Averden. 

Die Schilddriise. In dem Material des 'S^erfassers Avurde bei 
Diabetikern 44 mal und in den Konlrollfallen 47 mal etAvas iiber 
die Schilddruse erwahnt. Vor der Insulinzeit findet sich nur aus- 
nahmsAveise eine diesbezugHche ErAA'Shnung. In beiden Materia- 
lien AA^rden Strumafalle festgestellt, Avie folgt; 



Diabotcstailc 

Kontrollfalle 

Struma nodosa 

9 

G 

Struma ditf. colloides 

5 

8 

Struma dift. parenchymatosa 

3 

1 

Zusammen 

17 

15 


Ein eigentlicher Unterschied ZAAdschen den Diabetikern und 
den Kontrollfallen scheint also nicht zu bestehen. 

Es sei erAvahnt, dass Walilberg (1938) in drei Yiertel aller Avah- 
rend der Jahre 1933—1935 im Pathologisch-anatomischen Institut 
der Universitat obduzierten Falle, deren Schilddrusen deni Ge- 
Avicht nach normal AV’aren, Adenome konstatiert hat. 

Unter den 48 Diabetesfallen von Kraus (1929) batten 5 junge 
Diabetiker eine diffuse, 6 junge und 9 alte eine nodose Struma. 

Die Leber. Neben dem Pankreas kommt der Leber eine beson- 
ders Avichtige Bedeutung im KohlenhydratstoffAvecbsel und beim 
Diabetes zu. Die Leberverfettung beim Diabetes ist eine schon 
lange bekannte Erscheinung (Mead, 1749). Adlersberg und Porges 
(1926) hielten sie fiir einen regelmassigen Befund beim Diabetes. 
Nach Warren (1938) betragt das normale LebergeAvicht bei Er- 
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Tabelle VIII. 

Die Lebcrgcwiclitc der er%vncliscnen Diabclcstfillc nndiAUcrspruppcngcordncl. 



401 ~ C 00 

601—800 

801—1000 

1001—1200 

1201—1400 

1401—1600 

1601—1800 

1801—2000 

2001—2200 

2201—2400 

2401—2600 

2601—2800 

2801—3000 

3001—3200 


Zustmimcn 


Tabelle IX. 


Die Lcbergevrichlc dcr cnvaclvscncji IvoDlrollfiilJc nnch AlJer.^priijjpcii gcordncl. 
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Avachsencn 1400—1800 g, abcr bcim Diabetes isL es of I vcrmelirt, 
vonviegend unter dem Einfluss dcr Vcrfeltung. AIs andere das 
Lcbcrgewiclil slcigcrndc FakLoren werden Glykogenspeiclierung, 
Amyloidoso, metastaliscbe Tiimorcn nnd Zirkulalionsslorungen 
crwalml. 

Das Lcl)crgc^s'icbt in mcinem Materia], nacli Altcrsgruppen 
goordnel, crlicllL fiir die Ziickerkranken aus Tab. VIII und fiir 
die Konlrollfaile ans Tab. IX. In beiden Tabcllcn sind nur Per- 
sonen iin Alter von 21 Jalircn und dariiber bcruclvsichtigt vorden. 



coo 1000 1/00 1600 rzoo 1200 3000 g 

Ucbcrgcsw ichf 

Abb. -I. Vorlciliiiig dcr Lcl)crgc\vichlc Erwicliscncr aiif vcrscliicdiic. Gcwichts- 

gruppen. 

Lcbern dcr Diabelikcr 

i.ebern dcr Konlrollfiillc. 

In den frulicren Jalircn ist die Leber oft ungewogen geblieben, 
und man liat sicb mit ilirer Messung mit dem Zentimetermass 
begniigt. 

Die Fiille vcrtcilcn sicb so auf die Gcwiclitsgruppen, dass das 
Ma.vimum beider Tabcllcn auf die GeAvicbtsgi'uppe 1401 — 1600 g 
entfallt. Dies cnlspricbl ungefabr dem von Uotila (1942) angege- 
benen Mittchvert. Zur Vci'anscbaulichung der cventuellen Ge- 
wichtsunterschicdc zwiseben den beiden IMaterialien babe icb 
(gemiiss dcnsclben Prinzipien wie in Al)b. 3) in Abb. 4 die Vcrtci- 
lungskurven dcr LebergcAvicbte so gczeiebnet, dass die Lebcrge- 
vacble als Abszissc und die Anzabl dcr Fiillc als Ordinate angc- 
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nommen Avurden. Beim Zeichnen der Kurven sind nur die 21 
Jahre alten und alteren Personen beriiclcsichtigt -worden. Aus 
Abb. 4 ersehen wir, dass die Verteilungskurve der Diabetiker etwas 
mehr nach der sclnvereren Gewichtsseite zu verlaufen scheint als 
die Kurve der KontrolKalle, und dass die Differenz urn 100 g 
variiert. 

In das voiu Verfasscr benutzte Material gingen Angaben iiber 
das Yorkoiumen von parench^matoser Degeneration, Verfettung, 

Zah! der 



0-10 n-20 21-30 31'«0 4t-50 51-60 61-70 71-60 
AMer. Jahre 

Abb, 5. Das N'orkoinincn von LcbcrvcrfcUung bci den Diabelikcrn und den 

Konlrollfi'dlcn. 


Stase und Zirrhose in der Leber der Diabetiker ein. In Tal). X und 
Xr sind die Angaben iiber das Vorkomuren dieser Veranderungen 
Zusammengestellt. Wir ersehen aus den Tabellen, dass die Leber- 
verfettung deutlich dfter bci Diabetikern und relativ mehr in den 
jungeren Altersklassen vorkommt (vgl. Abb. 5). 

Die Gallenblase. Mehrere Forschcr baben ihr Augenmerk auf 
das gleicbzeitige Vorkommen von Erlu-ankungen der Gallenwege 
und des Diabetes gerichtet (Babinovutch, 1924, Ferger, 1931, 
Lande, 1931, Priescl und Wagner, 1932, Falta, 1939). Singer (1929) 
spricht die Erla'ankungen dcr Gallenv/cge in dicsen Fallen als 
atiologisehe Ursache des Diabetes an. Bertram (1939) und Umber 
(1939) billigen ihnen nur die Bedeutung eines auslosenden Momen- 
tes zu, sodass der Diabetes friilier zum Ausbruch kommt. Es wiirde 
sich dann am ehesten urn eine Ausbreitung der Infektion von den 
Gallemvegen auf das Pankreas handeln, was durcb die engen 
anatomischen Beziehungen erleiclitert wird. 
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TabcIIc X. 


Das Vorkqmmcn von Lcbcrvcrandcrnngen bei Dinbelcsfallen. 





A 1 
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11—20 

21—30 

31' — 40 

41—50 

51—60 

61—70 

71—80 

o 

o 

1 

00 

Zusain- 

mcn 

Deg. parcnch 

1 

4 

6 

4 

5 

5 

G 

4 

H 

35 

Vcrfcltung 

1 

7 

13 

9 

7 

9 

5 

1 

B 

52 

Stase 

1 

3 

7 

4 

2 

8 

5 

1 

B 

32 

Zirrbosc 

— 

— 

— 

— 

2 

2 

3 

H 

B 

7 

Zusammcn 

3 

14 

2G 

m 

16 

24 

19 

0 

1 

126 


Tabcllc XI. 


Das Vorivommcn von Lcbcrveranderungen bei KontrolJfiillcn. 
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■ 
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7 
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5 

H 

B 

26 

Vcrfcltung 

B 

1 

4 

5- 

1 

B 

3 

B 

B 

21 

Stase 


2 


6 

6 

B 

9 

B 

B 

36 

Zirrbosc 

B 

— 


1 


B 

B 

B 

B 

4 

Zusammcn 

H 

3 

18 

19 

10 

13 

18 

6 

— 

87 


Was das eigentliche Auftrctcn von Gallensteinen betrifft, so 
haben melirere Forscher bemerltt, dass sie bei Diabetikern gc- 
hauft sind. Schleusner (1938) stellte Gallensteine (oder den Fol- 
gezustand einer Cbolezystcktomie) in 35.2 % eines Obduktions- 
matcrials aus den Jahren 1914 — ^1936 lest, dessen naittleres Alter 
62.2 Jahre betrug. Der Prozentsatz ist bedeutend hSher, als er 
fiir Nicbt-Diabetiker gewohnlich angegeben wird. 

Wilder (1926) land Gallensteine in 28 % seiner Diabetikerob- 
duktionen (insgesamt 58 Obduktionen). Warren (1938) hat das 
Vorkommen von Gallensteinen bei Zuckerlcranken und anderen 
Gleichal trigen verglicben und ist zu folgenden Ergebnissen gekom,- 
men: 
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Zuckcrlo-ankc 

Nicht-Zuckcrkrankc 


139 

107 

Cholezystitisfallc (ohne Steine) . . 

28 

1 

14 

2 


1 

0 

Falle insgcsamt 

453 

500 


Es ist zu beachten, dass der Hauptteil von den Gallensteinen 
Warrens Cholesterinsteine waren, und dass er dcshalb eine cnge 
Beziehung zvischen Diabetes, Hypercliolesterinanric und Gallen- 
steinen vennutete. Joslin (1940) stellt fest, dass Cbolelithiasis und 
Cbolezystitis bei DiabetiJcern bfter als bei anderen Personen vor- 
kommen, betracbtet sic aber nicht als primarc Faktoren bei der 
Entstehung das Diabetes, 

Was mein eigenes Material betrifft, so sind die darin vorgekoni- 
menen Erkrankungen der Gallenwege in Form der naclislehenden 
Tabelle wedergegeben. 



Diabetiker 

Kontrollfalle 

Cholesterinsteine ; 

t 

_ 

Pigmentsteinc 

1 

1 

Cholesterin-Pignient-Kalkstcine 

7 

4 

Sonstige und unklassifiziertc Gallcnstcinc 

5 

4 

Gallenblasc enlfernt 

1 



Wandveranderungen oline Gnllcnstcinc . . 

. 3 

2 

Zusamnicn 

18 

11 


Die Ergebnisse sind also, was das Verhaltnis der bei Diabeti- 
kern und in den Kontrollfallcn auftretcnden Erlo-ankungen der 
Gallenwege betrifft, gleicbgerichtet mit den von Warren darge- 
stellten. Augenfallig ist jodocb der quantitative Unterschied 
zwischen dem amerikanischen Material Warrens und dcm Material 
des Verfassers, Die Zabl der obduzierten Diabetesfalle meines 
Materials betragt etv^a ein Drittel von der Zabl der Diabetiker 
Warrens, aber die Zabl der vorkommenden Erkrankungen der 
Gallenwege belauft sicli nur auf ein Zehntel von derjenigen, die in 
Warrens Material vorkommt. Ferner fallt auf, dass in das Material 
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des Vcrfasscrs nur ein Ciiolcsterinslcin cingclit. Der Fall betraf 
cine 47-jahrigc Frau, deren Krankbcit 4 Jalirc gcclauert balle. Die 
Palicnlin slarb an Ivoma, das durch cine cilrige Nephritis bedingt 
war. 

Von den gallcnsLcintragcnden Diabctikern waren 10 Frauen 
nnd 4 Manner. Das Alter derselbcn schwankte zwischen 42 und 81 
Jalircn. Von den entsprcclicndcn Kontrollfallcn wiederum Avaren 
8 Frauen und 1 Mann, die irn Alter von 32 bis 81 Jalircn standen. 

Joslin (1940) schenkt dcin glcicbzciligen Anftrelen von sclnve- 
rer Arteriosklerosc und Erkrankungen dcr Gallcnwcgc bei Diabe- 
tikern bcsonderc Bcachtung. Im folgcndcn stcllc icli die Gallen- 
steinfiille incines Materials, eingclcilt nach dcr Starke der Arterio- 
sklcrosc dar. 


Arlcrlosklcrosc 

Diabclcsffille 

Konlrollffillc 

Kcinc 

_ 

3 

Sdiwaclio 

4 

3 

MltlclsUnrlcc 

3 

2 

Slnrkc 

7 

1 

ZusanuTicn 

14 

9 


Fcrncr gehen bei den Zuckerkranken in die Gruppe dcr starken 
Artcriosldcrose ein Fall, bei dem die Gallcnblasc operativ entfernt 
war, und 2 von den Fallon ein, in denen die Gallcnblascnwand 
Veraiiderungen obnc Steine darbot, Avahrend der dritte dieser 
Falle einc scliAvachc Artcriosldcrose aufAA'ics. Von dem, Kontroll- 
matcrial Aviederum cntlicl dcr cine Fall mit Wandveranderungen 
in die Gruppe dcr scliAA'aclien und der andere in die Gruppe der 
mittclstarkcn Artcriosldcrose. 

Es hat also aufgrund des voiliegendcn Materials den Anscliein, 
als ob bei Zuckerkranken mit Gallenstcinen und anderen Erkran- 
kungen der GallcnAVcge glcicbzeitig cine Arterioslderose ange- 
troffen Avird, die starker als in dem Kontrollmaterial ist, in dem 
man aucb Fallen ohne Arteriosklerosc begegnet. 

Die Nieren. Auf die NierenA’’cranderungen beim Diabetes ricli- 
tete sclion Hansemann (1894) seine Aufmerksamkeit. In seineii 40 
Diabetesfallcn findet sick 22 mal die Bemerkung sNicren tj^jisclu). 
Hiermit meint cr einc Vergrdsserung dcs ganzen Organs mit glat- 
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ter Oberflache. Die Rindensubstanz ist blassrot, manchmal etwas 
gelblicb. Die Glomeruli treten als rote Punkte deutlich hert'or. 

Die Marksubstanz ist leicW zyanotisch. . 

In den 183 Fallen Weichselbaums (1910) lag 9 mal eme Rephn- 
tis vor, der er jedocli keine Bedeutung beimass. Dagegen erwalmte 
er, dass eine fettige Infiltration der Nieren beim Diabetes gewohn- 

licli ist, _ . -NT 1 

Kraus (1929) beschreibt eine fiir den Diabetes typische Nepnro- 

patliie (in 24 von 48 Fallen), fiir die eine typische gelbrote Farbe 
und eine Vergrosserung der Niere charakteristisch sind. Die Ver- 
anderung tritt ofter bei j ungen Diabetikern auf, Ausserdem lag bei 
seinen alten Fallen 4 mal cine subakute oder chronische Nephritis 
und 2 mal eine vaskulare Schrumpfnicre vor. Warren (1938) halt 
die tubulare Nephritis fiir eine sehr haufige Erscheinung in Azidose- 


fallen. 

Anschliessend gebe icli cine Zusammenfassung der Nierenver- 
anderungen, die bei den Diabetikern und in den Kontro Ilf alien in 
meinem Material bcobachtet worden ■vvaren. . 
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Wie aus obigem hervorgeht, scheint das besonders haufige Vor- 
kommen irgendeiner Nierenveranderung fiir die Diabetcsfalle 
im Material des Verfassers nicht cliarakteristisch zu sein. Dem 
Vorkommen einer eventucllen diabetischen Nephropatliie im Sinne 
von Hansemann und ICraus ist offenbar nicht geniigend Bcach- 
tung geschenkt worden, weil die Obduktionen im Laufe von 50 
Jahren von sehr vielen verschiedenen Personen ausgcfuhrt Avorden 
sind. 
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Die Eniwicklungsfehler. Kraus (1929) Letrachtet das Vorkom- 
men verschiedenartiger EntTOcWungsfeJiler als charakteristisch fur 
die Biabetiker. In meinen Diabetesfallen warden einmal 2 Aorten- 
klappen erwahnt, in den Kontrollfallen wiederum einmal ein Ren 
arcuatus, einmal Lien lobatum congenitale und 2 -weimal eine 
daumenbeeren- bis wallnussgrosse Nebenmilz. Zu irgendx^elchen 
Schlussfolgerungen diirften diese Befunde kaum berechtigen. 


Auf Grund des vorigen mdclite icli zum Schluss nodi folgen- 
des bemerken. 

Wenn man das Vorkommen irgendeiner Eigensdiaft z.B. bei 
Diabetikerobduktionen studiert, vergleidit man es gewohnlicli 
mit den von anderen Forschern dargestellten Ergebnissen. Falls es 
sicli um eine Eigenschaft Iiandelt, die (wie z.B. das Oigangewicht) 
vom AJter abhangt, konnen zwei versdiiedene klaterialien, in 
denen die Altersverteilung notgedrungen versdneden ist, nidit 
ohne weiteres miteinander verglidien werden. Es ist ja iiberdies 
bekannt, dass das AuEtreten und der ganze Cliarakter der Krank- 
heiten ausser vom Alter des Patienten audi von seinem Gesdiledit, 
seiner sozialen Stellung, seinem Heimatort und vielen anderen 
Faktoren abhangen konnen. Um mdglichst viele Felilerquellen in 
dieser Bezieliung zu vermeiden, babe ich die bei Biabetikern erhal- 
tenen Resultate mit einem Kontrollmaterial verglidien, dessen 
Verteilung in bezug auf Alter, Gesdiledit und Obduktionsjahr die 
gleidie ist wie in dem Biabetikermaterial. Es ist wahrscheinlidi, 
dass man bei einem derartigen Vorgehen einige Eigensdiaften, die 
angeblidi bei Biabetikern gehauft vorkommen, ins riditige Lidit 
setzen kdnnte. 

Trotz der grossen Bedeutung, welclie die Fettsudit fur den Aus- 
brucli des Biabetes besitzt, sind die Diabetespatienten in ebenso 
magerem Zustand gestorben wie die Patienten des Kontrollmate- 
rials. 

Von den malcroskopisclien Organveranderungen der Biabetiker 
erweckt die Panlcreasatropliie, die auch in dem von mir benutz- 
ten Material vorkommt, vielleidit die grosste Aufmerksamkeit. 
Weldies die Ursadie dieser das' Organ in seiner Gesamtlieit betref- 
fenden Atrophie ist, geht niclit aus der Literatur bervor. Den 
Panlcreassteinen und der Arteriosklerose der Pankreasgefasse, die 
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friilicr als wiclitig galten, wird heute keine grosse Bedeutung mehr 
beigelegt. Die ersteren sind gegenwartig relaliv selten (in meinem 
Material z.B. nur 1 Fall). Gegen die Bedeutung der letztcren spricht 
ausser histologisclien Untersuchungen aucli das starkere Auftrcten 
der Atrophic in den jungeren Jahresklassen, ein Umstand, der 
auch aus den Wagungsergebnisscn meines Materials hervorzuge- 
lien scheint. In meinem Material sind relativ viele Falle enthalten, 
in denen das Pankreas sehr Iclein, 30 g oder leiclitcr war. Besondc- 
res Interesse erregen die im Sclirifttum crwahnten Falle, in denen 
das Pankreas, praktisch bctraclitct, vcrschwundcn ist. 

Die etwas hoheren Lebergewichte der Diabetiker konnen viel- 
leicht von der bei ihnen auftrctenden Verfettung hcrruhren. 

Augenfallig ist ferner die geringe Zabl der Gallensteine, ins- 
bcsondere der Cholesterinsteine (1 Stck) z.B. im Vcrglcicb zu den 
amerikanischen Materialien. Ich werde das Vorkommen von Gal- 
lensteinen im gesamtcn Obduktionsmatcrial dcs Patbologiscb- 
anatomischen Instituts in anderm Zusammenbang genauer behan- 
deln. 


Zusammenfassung. 


Die makroskopischen Organveranderungen beim Diabetes in 
Finnland sind untcr Verwendung der Obduktionsbericbtc aller im 
VerlauX von 50 Jahren im PatbologiscliTanatomiscbcn Institut der 
Universitat Helsinld obduzierten Diabetiker bebandelt worden, 
deren Gesamtzahl sich auf 166 belauft. Zur Anstcllung von Ver- 
gleichen wurde ein ebenso grosses Kontrollmaterial benutzt, das 


so eingesammelt wurde, dass man, ohne Riicksicht auf die Diagnose, 
fiir jedes Jahr, entsprechend jedem Diabetiker cine Person glcichen 
Alters und Geschlechtes auswahitc. 

Der grosste Teil der obduzierten Diabetiker war mager. Ein 
nennenswerter Untersebied im Vcrglcicb zu dem Kontrollmaterial 
bestand niebt. 

Die Baucbspeicbeldriisen der Diabetiker waren durcbscbnilt- 
bch etwa 25g leichter als diejenigen dcr Kontrollfallc. Untcr den 
Diabetikcm gab es 22 Envachscnc mit diicm Pankreasgewiebt 
von 40 g odor darnnter, untcr den Konlrollfflllcn koinen cinzigon 
Eme Pankrenszirrhose kam bei Diabetikcrn 30 mal, in don Kon- 
TO fallen kcinmal vor. Eine Verfettung dcs Pankreas war bci 



572 


ILJTAni VAIITIAINKN, 


Diabetikcrn G mal, in den Kontrollf alien cinmal zii beobacliten. 
Unler den Diabclikern befand sicb ein Fall mil Pankreasslein. Bei 
den Zuckerliranken kamen 2 Pankreaskarzinome vor, von denen 
das cine offenbar primar war und, im Capul gelegcn, den Ductus 
verslopft, hicrdurch dessen Erweilerung und eine Pankreas- 
atropbie verursaebt baltc. 

Iin Gewiebt der Ncbennieren waren zwisciien den Diabetikcrn 
und den Kontrollfallen keine Untersebiede wabrzunebmen. 

Versebiedene Strumaformen kamen bei Zuckerkranken 17 und 
in den Kontrollfallen 15 vor, Aucb anderweitige Untersebiede 
beslanden niebt zwiseben den beiden iMatcrialicn. 

Die Diabctikerlebern sebienen im IMittel um ca 100 g sebwerer 
als die Lcbcrn der Kontrollfalle zu sein. Eine Leberv'erfettung 
vnirde dfter bei Diabetikcrn, insbesondcre in den jungeren Alters- 
Iclassen gefunden. 

Gallensteine scbcincn bei Diabetikcrn clwas baufiger als bei 
den Kontrollfallen zu sein. Es bandeltc sicb jedoeb um wenige 
Falle, Die Artcriosklcrose tritl anscbcincnd bei den Gallenstein- 
diabetikern starker auf. 
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Studien iiber den Diabetes melHtus in Finnland, 

II. Diabetisches Koma, Infektionen und Arteriosklerose im 
Lichte des Obduktionsmaterials.’^ 


Von 

ILMARI VARTIAINEN. 

(Bel dcr Rcdaktion am 16. Marz 1944 clngcgangcn). 


Das dial)etische Konia ist die wiclitigste unter den Komplika- 
tionen des Diabetes. Dem glcicbzeitigen Vorkommen von Infek- 
tionen, besonders der Tuberkulose, oder der ArteriosMerose mit 
Diabetes vdrd im allgemcinen einc grosse Bcdeutung beigemessen. 
Es ist deshalb angebracbt, in dcm vorlicgenden Zusammenhang 
auch diese Fragen zu beriibren. Der Kiirze balber sprecbc icli von 
sNebenliranklieiten)) des Diabetes. Audi die Todesursacben der 
Diabetiker, vie sie durck die Obduktionsfiinde beleucbtet wer- 
den, eigncn sidi zu naUerer Bebandlung. 

• Wenn wir die Ncbenkrankbciten des Diabetes untcrsucbcn, 
ist die weitere Beleucbtung, die v?ir aus den Obduktionen empfan- 
gen, in den verschiedenen Fallen versehicden. 

In den Komafallen konnen .wir nicbt envarten, viele charak- 
teristische Veranderungen zu finden, abgeschen von der werh^ol- 
len Hike die die Obduktion zur Aufldarung der Ursacbc des Komas 
liefern kann. 

Wenn es sick um Infektionen kandelt, bildet der Obdulctions- 
befund einen wicbtigen Beitrag zu dem durcb die klinische Unter- 

^ Von einem Stipendium des Emil Aalloscn SiiaU6-Fonds unterslillzt. 

38 — Ada mcd. scandinav. Vol. CXVIJI. 
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suchung geschaffenen Kranklieitsbild, obgleich die neueren Unter- 
suchungsmethoden wie die Rontgenuntersuchung, die Aussichten 
einer moglichst genauen klinischen Diagnose betraclitlich vergros- 
sert haben. 

Beim studiereii der Arteriosklerosc und der durcb sie bedingten 
Organveranderungen miissen wir uns in vielen Punkten vorwiegend 
auf die von der patliologiscben Anatomie erbotencn Mittel stiitzen. 
In diesenr Zusammenbang babe ich auch den Todesursachen der 
Diabetikcr Beacbtung geschenkt, fiir deren Ermittlung und Be- 
statigung der Obduktionsbefund sebr wiclitig, ja sogar von ganz 
aussclilaggebender Bedeutung sein kann. 

Bei dieser Untersuchung babe ich micb desselben Obduktions- 
materials wie in meiner vorigen Pubb'kation bedient. 


Die Komafdlle. 

Das Coni,a diabeticuna ruft keine solchen charakteristischen 
patbologisch-anatomischen Veranderungen bervor, aufgrund wel- 
cher man mit Sicberbeit aussagen konnte, dass irgendein Patient 
am Koma gestorben ist. Kraus (1929) erwabnt als typisclie Neben- 
symptome des Komas das Hirnodem und den Azetongeruch der 
Organe. Warren (1938) fiihrt als Folgen einer langdauernden Azido- 
sis die tubulare Nephritis und Blutungen in den Magendarmkanal 
an. 

Was den Azetongeruch betrifft, so ist dem Vorkommen dessel- 
ben in meinem Material offenbar niebt geniigend Beacbtung ge- 
sebenkt worden, und er wird nur 13 mal erwabnt (meistens vom 
Gehirn und den Organen der Brusthoble ausgebend). 

In meinem Material sind insgesamt 63 Komafalle enthalten. 
Im folgenden ist das Vorkommen von Hirnodem bei diesen und den 
63 ihnen entsprechenden Kontrollfallen dargestellt. Gleichzeitig; 
wurde das Vorkommen von Ekebymosen in den beiden Gruppen 
verglichen. 



Komafalle 

Kontrollfalle 

HirnSdem 

28 

15 

Ekehymosen 

27 

27 
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Wie man sielrt, scheint in den Komafalten md.r HtaMcm 
als in den Kontrolltallcn aulzutreten. Im Vorkommcn dcr Eke ij- 
mosen dagegen besteht kein Untcrschicd nwisclicn den beidcn 
Gruppen. Ida habe auda das Vorkommcn vort Ekdiymoscn in ver- 
sdiiedenen Organen in dem ganzen Diabetes- imd dem ganzen 
Kontrollmaterial verglichen, aber ein irgendnde besonders augen- 
falliger Unterschied ist Iiierbei nidit zutagegetreten. 

Die Infeklionen. 

Die akuien Infektionen. Die alte Erfahrung Icbrt, dass die 
Diabetiker eine grosse Neigung zu bakteriellen Infeklionen besit- 
zen. Insbesonderc die pyogenen Infeklionen der Haul (Furunkcl, 
Karbunkel, Phlegmoncn ua.) sind schr gcwobnlicb, dcsglcichcn die 
Infektionen der Harnwcgc. Aucb die Pneumonien \verden als 
gewoimlidi angesehen. (Vgl. z. B. Singer, 1929, Sharkey und Bool, 
1935, "WaiTen, 1938, Umber, 1939, Joslin, 1940). 

In mcinem Material v/aren die vcrschicdcnen Infektionen fol- 
gendermassen vertreten: 



Diabetiker 

KonlroiUtUlc 

Abszesse, Plikgmonen, Furunkcl .... 

35 

1 

Zystitls, Pyelitis, Pycloncplir 

20 

17 

Pneumonic 

42 

3S 

Sepsis 

f> 

9 

Cliolesrv’stitis 

2 

o 

Sonstige Infeklionen 

14 

29 ■ 

Zusainmen 

99 

9G 


Lcdigl.ch die erste Gruppe weist bei den DiabcUkern eine dcut- 
liche Oberlegenheit ant. In den aevei lolgenden Gruppen sind die 
Unterschiede sebon goring. Audi in der TotalanEabl der infek- 
tionen sind die Differenzen nur klein. 

Die Tuberkulose. Dem Vorkommcn dcr Tubcrkulosc im Zusam- 
menhang mat Diabetes sclienkte scinerzeit sebon Bouebardat (1875) 

Tuberkulose fiir die gewL- 
bebste Kompbkation der ZuckcrkrankbMt ^ " 

Material hatte er 17 •>/ t„i 

natte er 17 Tuberknlnse gefunden. In von Noorclcns 
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(1917) Maleria] in Frankfurt a. M, \raren 5—15 % und in Wien 
27 % tuberkulos. Melirere friilierc Forsclier, deren Ergebnisse 
von Naunyn und von Noordcn dargcslcilt werden, haben bei 
DiabcLikerobdulctioncn l)cdculend liobere Prozcnlzablen erbalten, 
niimlicb: 


Gricsingcr 

Frcriclis 

% 

AVindle 

136: 220 

Rauch 

18; 42 

Saundbv 

27 

Otto 

13: 35 


Von Noordcn war indcssen dcr Ansiclit, dass die Tul)crkulose 
bei Diabctikern nichi oflcr als bei andcren Personen auftritt, dass 
also die Zuckcrkrankbcit die Gcfabr des Erkrankens an Tu]3er- 
kulose kaum crbbbt. Dagegcn Avirkcn die Krankbciten, wenn sie 
zusammentrcffcn, ungiinstig aufcinandcr. Derselben Meinung 
sind Postma-Sprcngcr (1939) und Joslin (19-10). Ebcnso bait Lund- 
berg (1925), dafiir, dass dcr Diabetes eine Versclilimmerung der 
Tuberkulosc bcAvirkl. . 

In letztcr Zcit ist die Tuberkuiosefrcqucnz, insbesondere dank 
dcr Insulinbcbandlung, gcsunken (Singer, 1929, Pagel und Henke, 
1930, Rabinowitcb, 1933, Warren, 1938, Falta, 1939, Postma- 
Sprenger, 1939, Joslin, 1940). 

Wiibrend der Jabre 1898 — 1938 waren von den 15072 Diabe- 
likern Joslins (1940) nur 364 tuberkulos. Root (1934) fund in 
einem 51705 Nicht-Diabetiker umfasscndcn Obduktionsmaterial 
in 22.9 % eine aklive Tuberkidose, unter 1121 Diabetikern we- 
deruna in 28.4 %. 

In Tab. I ist das Vorkomrnen von Tuberkulosc in mcinem iNIate- 
rial dargestellt. Die Totalanzabl der Tuberkulosen, 46 aktive und 
10 inaktive Falle von 166, ist rclativ hoeb. Unter den Kontroll- 
fallen ist jedocli die Anzabl der Tuberkulosen fast ebenso gross (39 
aktive und 11 inaktive Falle). Ein etwas grosserer Untersebied 
bestebt in der Verteilung auf die versebiedenen Tuberkulosefor- 
men. Bei den Diabetikern ist eine Lungentuberkulose III. Grades 
bedeutend baufiger als in den Kontrollfallen, wabrend es unter den 
letzteren naebr Falle gibt, in denen die Tuberkulosc ausserbalb der 
Lungen auftritt. Icb babe auch die Verteilung der Tuberkulose 
auf die versebiedenen AJtcrsgrnppen untcrsucht, aher hierin keine 
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Tabelle I. 

Das Vorkonimeii von Tuberkulo.se in dem ganzen Diabelcsmalcrial (166 Fillle) 
und bei den 166 Konlrollfallcn. 


Art der Tuberkulose 

Diabetesfalle 

Kontrollfalle 

Lungcntuberkulose I Grades 

5 

1 

Lungentuberkulose 11 Grades 

6 

5 

Lungentuberkulosc HI Grades 

Lungentuberkulose mil Tuberkulose in 

22 

6 

einem anderen Organ 

13 

25 

Tuberkulose nur ausserhalb der Lungen 

— 

2 

Inaklive Lungcntuberkulose 

10 

11 

Zusammen 

56 

50 


Tabelle II. 

Das Vorkomtnen von Tubcrkulosc bei den 63 Komapalicnten und den cnt- 
sprocbcndcn 63 Konlrollfallcn. 



Vorinsulinara 

Insulinnra 

Art dor Tuberkulose 

Komaffillc 

Konlroll- 

fallc 

Komnfailc 

Konlroll- 

falle 

Vernarbter odor cingekap- 





seller Herd in den Lungen 

A 

2 

1 

2 

Lungcntuberkulose 1. Grades 

2 

— 

1 

1 

Lungentuberkulose 11. Grades 

2 

1 

— 

1 

Lungenluberkiilose III. Gra- 





des 

2 

3 

1 

— 

Lungentuberkulose soivic Tu- 
berkulose in einem andern 





Organ 

— 

10 

— 

5 

Zusammen 

10 

16 

3 

9 

Keiuc Tuberkulose 

29 

23 

21 

15 


Tuberkulose bei den Komapalicnten insgesamt 13: 63 = 20.6 % 
Tuberkulose in den Konlrollfallcn insgesamt 25; 63 = 39.7 % 


cliarakteristisclien Unterschiede zivisclien den beiden Materialien 
Avahmehmen konnen. 

Als etwas Besonderes sei die Feststellung erwahnt, dass die an 
Tuberkulose leidenden Diabetiker nur selten Koma bekommen 
(Bertram, 1934, 1939). Root erwahnt in der Monograpbie Joslins 
(1940), dass diese Auffassung veraltet ist, und dass das Roma 
oft zusammen mit Tuberkulose bei denselben Patienten vorkommt. 
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Was mein eigenes Material betrifft, so babe ich die Frage auf- 
grund von meinen 63 Komafallen studiert. Aus Tab. II ersielit 
man, dass unter den Komafallen nur halb so viele tuberlculos 
waren als unter den entsprechenden Kontrollfallen. Wenn wir nur 
die schweren Pbthisenfalle III. Grades sowie die Falle von Lun- 
gentuberlfulose in Betracht ziehen, wo gleichzeitig eine Tuberku- 
lose in anderen Organen vorlag, ist der Unterschied noch bedeutend. 
grosser. 

Eine ausserhalb der Lungen lokalisierte Tuberkulose und zu- 
mal eine Tuberkulose der serosen Haute wird bei Diabetikern als 
selten erwahnt (Joslin, 1934, 1940, Falta, 1939). In gleicbem 
Sinne sprechen die von mir in Tab. I dargestellten Angaben. Falle, 
in denen ausser der Lungentuberkulose auch eine Tuberkulose in 
anderen Organen erscbienen Avare, kamen bei den Diabetikern nur 
balb so viele vor als unter den Kontrollfallen. Eine ausschliesslich 
ausserhalb der Lungen lokalisierte Tuberkulose wurde bei den Dia- 
betikern nicbt beobachtet. 


Die Arteriosklerose. 

Die meisten Forscher sind der Ansicht, dass die Arteriosklerose 
bei Diabetikern gehauft auftritt (vgl. z.B. Naunyn, 1900, Thorel, 
1915, von Noorden, 1917, Joslin, 1937, 1940, Bertram, 1934, War- 
ren, 1938, Falta, 1939 und Mollerstrom, 1943). Was das kausale 
Yerbaltnis der beiden Kranldieiten betrifft, so sprach Naunyn die 
Arteriosklerose fur die Ursache des Diabetes an, von Noorden 
wiederum umgekehrt. Nach Umber (1939) kommt dem Diabetes 
keine nennensAVerte Bedeutung als Urheber der Arteriosklerose 
zu. Es handelt sich um eine zufalligc Kombination einer diabe- 
tischen und arterioslderotischen Erbanlage. Er halt es iedoch fur 
m.dglich, dass die anhaltende Hyperglykamie eines schlecht behan- 
delten Diabetes den arterioslderotischen Prozess beschleunigen 
kann. Eine ahnliche Auffassung vertrat Singer (1929). 

Als Ursache der Arteriosklerose bei Diabetikern betrachtete 
Aron (1913) den reichlichen Genuss von Speisen und insbeson- 
dere von Getranken, der die Kreislauforgane schadigt. Joslin 
(1937, 1940) schenkt besonders dem Fett- und Cholesteringehalt 
der Nahrung, des Organismus und namentlich des Blutes Beach- 
tung und sagt: »With an excess of fat diabetes often begins and 
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Jrom an excess of fat dialietics die, formerly of coma, recently of 
arteriosclerosis*. Den Fettgehalt der Nahrung beschuldigt auch 
Bertram (1939). Nach Warren (1938) liegt die wichtigste Ursache in 
dem gestorten Kohlenhydratstoffwechsel und dem hohen Lipoid- 
gelialt des Blutes. In diesem Zusammenhang beschranke ich micb 
darauf, auf die Bedeutung hinzuweisen, die den Lipoiden bei der 
Entstehung der Arteriosklerose auch im allgemeinen beigemessen 
wird (Aschoff, 1936). 

Man nimmt an, dass die Zunahme der Arterioslderose bei Dia- 
betikern teilweise darauf beruht, dass die Zuckerkranken seit der 
Verbesserung der Behandlungsmethoden langer leben, sodass sich 
die Arteriosklerose besser bei ihnen entwickeln kann. In allerletz- 
ter Zeit sciieint die Zunahme der Arterioslderose, rvenigstens in 
Amerika, zum Stillstand gekommen zu sein (Joslin, 1940). 

Die Arteriosklerose kann auch bei sehr jungen Diabetikern auf- 
treten. Nach, Joslin (1934) ist das erste Jahrzehnt das einzige, in 
dem bei Diabetikern keine makroskopischen arteriosklerotischen 
Veranderungen angetroffen rverden. Auch bei Nicht-Diabetikern 
kann die Arteriosklerose frvih auftreten. Nach den von Jores 
(1924) aus dem Schrifttum eingesammelten Angaben kann die 
Arteriosklerose in Form von Herden in den Koronargefassen auch 
bei Nicht-Diabetikern sogar schon in den ersten Nebensjahren 
vorkommen. Nach Priesel und Wagner (1932) hat die Arterioslde- 
rose fiir den Diabetes des Kindesalters keine Bedeutung. 

Die amerikanischeu Forscher Warren und Joslin halten dafiir, 
dass eine Arteriosklerose bei fast jedem Patienten vorliegt, dessen 
Diabetes 5 Jahre gedauert hat. Diesem Standpunkt hat sich u.a. 
Bertram (1939) angeschlossen. Umber (1939) und seine Schule 
(Leutenegger, 1932) dagegen hielten gestiitzt auf ein Idinisches 
Material, die Arteriosklerose bei Diabetikern mit 5-jahriger Anam- 
nese nicht fiir so gewohnlich (65 von 133 Fallen). 

Nach von Noorden (1917) tritt die Arteriosklerose der Diabe- 
tilcer meistens in den Arterien der unteren Extremitaten auf, 
danach in den Rranzgefassen. In den Materialien der amerika- 
nischen Forscher steht die Sklerose der Koronargefasse und der 
Arterien der unteren Extremitaten ebenfalls im Vordergrund 
(Joslin, 1934, 1940, Warren, 1938). Nach Monckeberg stellt die 
Erkrankung der linken Kranzarterie in der Regel auch bei Nicht- 
Diabetikern die friiheste Manifestation der Arteriosklerose am 
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Tabcllc III. 

Das Vorkonuncn voti Arlcrlosklrrosc in don Dialiotcsfrdlon. 



Tabollc IV. 


Das VorJcoinrncn von Arlorioskicroso in den Kontroll/fillcn. 
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Gefassystem dar. Es sei indessen cnvahnt, dass die Erkrankun- 
gen der Kranzgeiasse jiadi dem kliniscken Material des Dcutschen 
Leutenegger (1932) die sellcnstc Manifestationsform der Arterio- 
sklerose bei Diabetikern sind. 

In Tab. Ill und IV ist das Vorkomnien der Arterioslderose in 
dem von mir benulztcn Obduktionsmalerial dargestelll. Ich babe 
das ]\Iaterial in zvei Teile geteill, namlich in die Prainsulinara 
(1895 — 1922) und die Insulinara (1923 — 1943). 

Nacb der Starke der Artcriosklerosc sind die Falle in Gruppen 
geteill. Zu den »leichten» gebdren die Fallc, in denen nur sklero- 
tische Flecke an der Innenflacbc der Gefiisse (oder des Endokards) 
vorliegen. Zu den »scbv;erem> gebdren die Fallc, in denen grosse, 
durcb die Artcriosklerosc bedingte Veranderungen besteben (Gang- 
ran, Hirnblutiing, Verstopfung der Kranzgefasse usw.). 

Wie man aus den Tabcllen Illund r\'‘crsicht, ist der Untersebied 
z^Yiscben den Diabetikern und den Kontrollfallcn niebt allzu gross. 
In beiden Zeitaltcin linden sicb untcr den Diabetikern weniger 
solcbc Personen, die Irei von Artcriosklerose sind. In der Prainsu- 
linara baben die Diabcliker ctsvas mebr leiebte Arterioslderose als 
die Kontrollfalle. Im Insulinzcitalterfindet sicb bei den Diabetikern 
hauliger cine starke, bei den Kontrolllallenuiederumbauligereine 
mittelstarkc Arteriosklerose. Die Unterschiede sind jcdoch gering. 

Betracbten wir dagegen die Gangranfalle, so gewabren wir 
einen grdsseren Untersebied, wie aus folgcndem erbellt: 


Gangrancu der unlcrcn ExtremUivt 

Gangrancn der oberen Extrcniilill 

Diabcliker 

Konlrollffille 

in 12 F-rdlen 

» 1 Fall 

in 2 Fiillcn 
» 0 0 

Zusamincn 

in 13 Fallen 

in 2 Fallen 


Im Vorkommen der Artcriosklerosc in den Kranzgefassen 
bestand kein erbeblicber Untersebied: 


SlderoUscbe PunkVc 

Diabcliker 

Konlrollfiille 

in 59 Fallen 
» IS 1) 

in 39 Fallen 

» 20 ft 

Gefassvercngcrnng 

Znsammen 

in 77 Fallen 

in 59 Fallen 
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Tabelle V. 

Das Vorkommen von Arteriosklerose in den Fallen mit einer Diabetesdauer 
von 5 Jahrcn oder dariiber. 

Grad der Arteriosklerose; 0 = keine, 1 = schv^aebe, 2 == mittelstarke, 

3 == Starke. 


Todes- 

jahr 

Alter 

Ge- 

seWeekt 

Diabetes- 

daucr 

Arterio- 

sklerosc 

Bemerkungen 

1943 

68 

^v 

5.5 

3 

Verengung der Koronar- 






gefSsse 

1942 

39 

m 

5 

0 


)> 

57 

m 

7 

3 

Verengung der Koronar- 






gofasse 

1941 

81 

w 

25 

3 

Verengung der Koronar- 






gefasse, Gangran des 
Fusses 


62 

w 

10 

2 



61 

■w 

13 

2 


1940 

58 


11 

3 

Verengung der Koronar- 


- 




geiasse, Gangran des 
Fusses 

1937 

47 

m 

6 

3 


1934 

23 

•\v 

7 

0 

Cataracta diabetica 

1933 

59 

w 

7.5 

1 


1932 

24 

m 

7.5 

0 


r> 

44 

w 

10 

3 

Verengung der Koronar- 






gefasse, Gangr&n des 
Fusses 

1931 

55 

Vf 

5 

2 

Verengung der Koronar- 






gefasse 

1926 

40 

m 

8 

1 


1900 

59 

m 

8 

2 

■ 


In Tab. V babe ich die Angaben uber das Vorkommen von 
Avterioslderose bei denjenigen Diabetikern meines Materials zu- 
sarnmengestellt, deren ICrankheit 5 Jahre oder langer gedauert 
bat. Nur einer der Falle stammt aus der Prainsulinara, 3 von 
den Fallen sind unter 40 Jabre alt. In keinen von diesen Fallen 
war eine Arteriosklerose vorbanden. Bei den 40 Jabre alten und 
alteren Diabetikern dagegen lag in alien Fallen eine Arteriosklerose 
vor. Eine Gangran bestand bei 3 von ibnen. 
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Die Todesursachen. 

In Tab. VThabe ich die Todesursachen der Diabetiker und der 
IControlIfalle im Vergleich zucinandcr dargestellt (die Resultate 
sind an Hand der idiniseben Krankcngescbichten kontrolliert 
Avorden). 

Die iiberwiegend wchtigstc Todesursache der Diabetiker so- 
■W'Ohl Avahrend des Prainsulin- als des Insulinzcitalters ist das Coma 
diabeticum ge^vesen. In dcr letzteren Ara ist jedoch einc starke 
Abnalime der Komafalle zu verzeiebnen. In Tab. VII gebe icli 
die Ursacben wieder, die Avalirscheinbch die Urbeber des Komas 
gewesen oder gleiclizeitig mit ihm aufgetreten sind. Wir bemer- 
ken, dass im grossten Toil der Falle keine Ursacbe fvir das Koma 
herausgebraebt worden ist. Die Pneumonie und die anderen 
akuten Infektionen (ICarbimkel, Furunkel, Abszesse, Erj’-sipelas 
us^v.) sind wiebtige Urbeber des Komas gewesen, wenngleicli die 
Bedeutung dcr letzteren in dcr Insulinara abgenommen bat. 


Tabclle VI. 

Die Todcsursaclieu allor Diabclcsfullc •walircnd dcr Prainsuliiiara und dcr 
Insulinara vcrglichcn mit den Todesursachen dcr Kontrollffdlc. 



Diabclcsfrille 

Kontrollffdlc 


Prrdn- 

Insu- 


Prain- 

Insu- 

Zusam- 


sullnara 

lintlra 


sulinara 

linara 

men 

Coma 

Herz- und Gefasskrankheiten 
Arteriosklcrosc 

39 

24 

63 

— 

— 

— 

des Herzen 

— 

5 

5 

2 

7 

9 

des Gchirns 

1 

1 

2 

2 

5 

7 

Gangran 

3 

G 

9 

— 

— 


Art. skier, in anderen Org. 

1 

— 

1 

— 




NichtartcrioskleroUsche . . 
Akutc Infektionen 

— 

— 

— 

2 

2 

4 

Pneumonic 

7 

12 

19 

14 

8 

22 

Andcre Inf. . . . 

8 

G 

14 

8 

12 

20 

Tuberkulose 

14 • 

18 

32 

20 

13 

33 

Malignc Tumor cn . . . 

5 

4 

9 

13 

20 

33 

Nephropathiecn 

1 

2 

3 

7 

2 

9 

Anderc Ursachen . . . 

2 

7 

9 

13 

16 

29 

Zusammen 

81 

85 

1G6 

81 

85 

166 
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Tabelle VII. 

Die 63 Komafalle gruppiert iiach der wahrscheinlichen Ursache ties Komas. 



Prainsulinara 

Insulinara 

Keine klare Ursache 

- 19 

13 

Herzinfarkt 


1 

Pneumonie 

7 

7 

Sonstige alcute Infektion 

11 

2 

Tuberkulose 

2 

1 

Zusammen 

39 

24 


Wenn wir zur Betrachtung von Tab. VI zuriickkehren, be- 
merkeji wir ferner, dass die Bedeutung der Arteriosklerose als 
Todesursacbe bei den Diabetikern und den Kontrollfallen gleich 
gross ist. Eine Gangran als Todesursacbe ist jedoch nur bei den 
ersteren vorgekommen, Nicbtarteriosklerotische Herzfehler wie- 
derum sind ausschliesslich bei den letzteren zu verzeichnen. 

Bei Behandlung der akuten Infektionen miissen wir auch die 
in Tab. VII dargestellten beriicksicbtigen und bernerken dabei, 
dass sie bei den Diabetikern als wdcbtige Todesursacbe fungiert 
haben. Die Bedeutung der Tuberkulose scheint in beiden Mate- 
rialien die gleiclie zu sein. Die malignen Tumoren hingegen haben 
in den Kontrollfallen bedeutend ofter die Todesursacbe gebiidet. 
In der Gruppe »Sonstige Ursachen)) kamen in den Kontrollfallen 
5 mal Blutkrankheiten, 4 mal Graviditat und deren Komplikatio- 
nen und 5 naal Ulcus ventriculi vor, von denen nur das letztere ein- 
rnal bei den Diabetikern auftrat. 

Die Verteilung der Todesursacben bei den Diabetikern aus der 
Insulinara ist sebr ahnlicb wie diejenige, die Ponteva (1938) aus der 
II. Medizinischen Universitatsldinik zu Helsinki darstellt (44 
Fade). Die Verteilung der Todesursacben in dena kliniscben Mate- 
rial von Bonsdorffs (1937) (68 Fade) ist etn^as verschieden. Seine 
Fade waren Einwobner der Stadt Helsinki aus der Periode 1930 
1936. In seinem Material ist die Bedeutung der Arteriosklerose 
grosser und diejenige der Tuberkulose geringer als in denx vor- 
b'egenden Material. 
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Aus dem oben angcfiibrlcn geht folgendcs hervor. 

Yon den akutcn Infeldioncn Avciscn nur die pyogenen cine dcui- 
licbe Havifung bei den Diabelikcrn auf. Auffallcnd ist, dass die 
GesamianzabI der Infeklioncn bei don Zuckerkranken kaum gros- 
ser ist als in dem Konlrollmatorial. 

Das Prozent des Vorkommens der Tubcrkulose ist hoch, je- 
doeb niebt Adel liohcr als in dem Kontrollmatcrial. Die von Root 
mitgcteilten Zablen sind glcicbgcricblet, ol)\vohl niedriger. Da- 
gegen spriebt mein IMaterial dafiir, dass an Tubcrkulose Icidende 
Diabeliker scllcncr Koma bekommen, insbesondere dann, %Venn 
die Tubcrkulose sclnver ist. Root biilt dicse Auffassung fiir sebon 
vorallet, 

Besonders fallt auf, dass die Arteriosklerose die sick in liicbrc- 
ren anderen Liindcrn zu cincr immer Aviebtigeren Nebenkrankbeit 
des Diabetes geslallet, bei den Dialietikern mcincs Materials nur 
Avenig mebr als in den Kontrollfallen Awkommt. Lcdiglicb Gangrii- 
nen der unteren Extremilat Avaren bei den Diabetikcrn bedcutend 
incbr zu A'crzcicbncn, Dagcgcn bcslandcn bcispielsAvcise in der 
SklerosD der Kranzgefassc nur geringc Untersebiede, cin Um- 
stand, der boebgradig zumal A'on den amcrikaniseben Untcr- 
suchungsergebnissen abAA'ciebt. 

Audi als Todesursaebe ist die Arteriosklerose bei den Zucker- 
kranken und in den Kontrollfallen glcicb Avichtig gcAvesen. 


Zusammenfassung. 

Fiir die Awliegende Publikation ist dassclbc Obduktionsmaterial 
Avie bei meincr friiberen, die Organveranderungen bei der Zuckcr- 
krankbeit betreffenden Publikation benutzt Avorden. 

In den Komafallen kam mebr Hirnodem A’^or als in den ent- 
sprechenden Kontrollfallen. 

Von den akutcn infektionen traten die pyogenen Infektionen 
bei den Diabetikcrn bedcutend baufiger auf als im Kontrollmate- 
rial (15; 1). Sonstige akute Infektionen Avaren in beiden Gruppen 
ungefabr glcicb stark vertreten. 

Bei naeinen 166 Diabetikcrn lag 46 mal cine aktive und 10 xnal 
eine inaktive Tubcrkulose vor, Avabrend die cntsprccbcnden Zablen 
m den Kontrollfallen 39 und 11 lauteten. Bei den Diabetikern fan- 
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den sicli bedeutend mehr Lungentuberkulosen m. Grades, 
wahrend in den Kontrollfallen ofter eine ausserhalb der Lungen 
lokalisierte Tuberkulose festgestellt wurde. 

Unter den Komafallen machten die Tuberkuldsen nur die 
Halfte der in den entsprechenden Kontrollfallen nachgewiesenen 
Zahl aus. Scbwere Tuberkuloseformen gingcn relativ noch weniger 
in die Komafalle ein. 

Das Vorkommen einer Tuberkulose ausserhalb der Lungen 
war bei den Diabetikern seltener als in den Kontrollfallen. 

Im Vorkommen der Arterioslderose bestanden keine allzu 
grossen Unterschiede zwischcn den beiden Gruppen. Gangranfalle 
kamen jedoch bei den Diabetikern bedeutend mehr als in den 
Kontrollfallen vor (13; 2). 

Die wichtigste Todesursache bei den Zuckerlcranken war das 
Coma diabeticum., als dessen TJrheber die akuten Infektionen eine 
bedeutsame Rolle spielten. Auch obne Koma haben die akuten 
Infektionen eine wdchtige Todesursache dargestellt. Die Arterio- 
sklerose und die Tuberkulose sind als Todesursachen in den beiden 
Materialien gleich wichtig. Die malignen Tumoren dagegen haben 
in den Kontrollfallen bedeutend ofter die Todesursache gebildet 
als bei den Zuckerkranken. 
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